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1991 

( Mentation  for  new  students 
( >pening  Exercises 

Registration  for  Quarter  I*  and  Fall  semester" 

Labor  Day  Holiday  observed 

Quarter  I  and  J  ail  semester  begin 

Quarter  I  ends 

Examinations  for  Quarter  I 

Registration  tor  Quarter  II** 

Quarter  II  begins 

Thanksgiving  recess 

Winter  recess:  Instruction  suspended  5:00  p.m. 


Wednesday  and  Thursday,  August  28  and  29 

Wednesday,  August  28 

Thursday  and  Friday,  August  29—30 

Monday,  September  2 

Tuesday,  September  3 

Friday,  October  25 

Friday,  October  25-Friday,  November  I 
Friday,  November  1  and  Monday,  November  4 
Monday,  November  4 
Thursday  and  Friday,  November  28  and  29 
Friday,  December  20 


1992 


Winter  recess:  Instruction  resumed  9:00  a.m. 
Last  day  for  completing  requirements  for 

January  degrees 
Quarter  II  and  Fall  semester  end 
Conferral  of  January  degrees 
Examinations  for  Quarter  II 
Martin  Luther  King,  Jr. 's  Birthday  observed 
Registration  for  Quarter  III*  and  Spring 

semester*  *  * 
Quarter  III  and  Spring  semester  begin 
Presidents'  Day  Holiday  observed 
Quarter  HI  ends 
Examinations  tor  Quarter  111 
Spring  recess 

Registration  for  Quarter  IV 
Quarter  IV  begins 

Twelfth  Annual  Vincent  du  Vigneaud 

Memorial  Research  Symposium;  no  classes 

last  day  for  completing  requirements  for 
May  degrees 

Memorial  Day  Holiday  observed 

Commencement  Day,  conferral  of  May  degrees 

Quarter  IV  and  Spring  semester  end 

Examinations  for  Quarter  IV 


Monday,  January  6 

Friday,  January  10 

Wednesday,  January  15 

Wednesday,  January  15 

Thursday,  January  16— Friday,  January  24 

Monday,  January  20 

Friday,  January  24  and  Monday,  January  27 
Monday,  January  27 
Monday,  February  17 
Friday,  March  20 

Monday,  March  23— Friday  March  27 
Monday,  March  30— Friday  April  3 
Friday,  April  3  and  Monday,  April  6 
Monday,  April  6 

Tuesday,  May  5 

Friday,  May  15 
Monday,  May  25 
Wednesday,  May  27 
Friday,  May  29 

Monday,  June  1 —Friday,  June  5 


Summer  Term  1992 


Registration  for  summer  research 
Summer  research  term  begins 
Summer  research  term  ends 
Last  day  for  completing  requirements  for 

August  degrees 
Conferral  of  August  degrees 


Monday,  June  22 
Monday,  June  22 
Friday,  August  14 

Friday,  August  2 1 
Monday,  August  24 


'for  students  enrolling  in  courses, 
"for  students  conducting  research  only,  who  are  on  leave  of  absence,  or  are  in  absentia. 
***for  students  changing  from  course  work  to  research,  who  are  going  on  leave  of  absence,  or  who  are 
converting  to  in  absentia  status. 

Note:  Courses  are  taught  on  a  quarterly  basis,  degrees  are  granted  at  ends  of  the  Fall  and  Spring  semesters 
and  of  the  Summer  term.  The  dates  shown  in  the  calendar  are  subject  to  change  at  any  time  by  official 
action  of  Cornell  University. 

In  enacting  this  calendar,  the  Graduate  School  of  Medical  Sciences  has  scheduled  classes  on  religious 
holidays.  It  is  the  intent  of  the  school  that  students  missing  classes  due  to  the  observance  of  religious 
holidays  be  given  ample  opportunity  to  make  up  work. 
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Cornell  University 

Graduate  School  of  Medical  Sciences 


Purpose 

The  Graduate  School  of  Medical  Sciences,  a  semi-autonomous  component  of  the 
Graduate  School  of  Cornell  University,  provides  opportunities  for  advanced  study  and 
research  training  in  specific  areas  of  the  biomedical  sciences.  Graduate  training  lead- 
ing to  the  degree  of  Doctor  of  Philosophy  is  offered  by  the  following  programs  of 
study:  Biochemistry,  Cell  Biology  and  Genetics,  Immunology,  Molecular  Biology, 
Neuroscience,  Pharmacology,  and  Physiology  and  Biophysics.  Certain  of  these  fields 
of  study  also  offer  programs  leading  to  the  degree  of  Master  of  Science.  Collaborative 
programs  with  Cornell  University  Medical  College  lead  to  the  combined  degrees  of 
Doctor  of  Philosophy  and  Doctor  of  Medicine. 

The  faculty  of  the  Graduate  School  of  Medical  Sciences  recommends  the  award 
of  advanced  general  degrees  not  only  as  the  result  of  the  fulfillment  of  certain  formal 
academic  requirements,  but  also  as  evidence  of  the  development  and  possession  of  a 
critical  and  creative  ability  in  science.  Demonstration  of  this  ability  is  embodied  in  a 
dissertation  which  the  candidate  presents  to  the  faculty  as  an  original  research  contri- 
bution in  the  chosen  area  of  study. 

A  close  working  relationship  between  student  and  faculty  is  essential  to  the  pro- 
gram of  the  Cornell  University  Graduate  School  of  Medical  Sciences.  Guidance  for 
each  student  is  provided  by  a  Special  Committee,  a  group  of  at  least  three  faculty 
members  selected  by  the  student.  This  Special  Committee  is  granted  extraordinary 
independence  in  working  with  its  student.  Other  than  a  broad  framework  of  Graduate 
School  of  Medical  Sciences  requirements  for  residence,  examinations,  and  a  thesis, 
and  additional  requirements  of  the  particular  field  of  study  chosen  by  the  student,  the 
Special  Committee  is  free  to  design  an  individualized  program  of  study  with  its  stu- 
dents. No  overall  course,  credit-hour,  or  grade  requirements  are  set  by  the  Graduate 
School  of  Medical  Sciences.  A  student  is  recommended  for  a  degree  whenever  the 
Special  Committee  judges  the  student  qualified. 

History 

The  opportunity  for  graduate  study  leading  to  advanced  general  degrees  in  the 
biomedical  sciences  was  first  offered  at  the  Cornell  University  Medical  College,  in  co- 
operation with  the  Graduate  School  of  Cornell  University,  in  1912.  In  June  of  1950, 
Cornell  University,  in  association  with  the  Sloan-Kettering  Institute  for  Cancer  Re- 
search, established  additional  opportunities  for  graduate  study  by  forming  the  Sloan- 
Kettering  Division  of  the  Medical  College.  The  resulting  expansion  of  both  graduate 
faculty  and  research  training  opportunities  on  the  New  York  City  Campus  prompted 
the  organization  in  January  1952  of  the  Graduate  School  of  Medical  Sciences,  com- 
posed of  two  cooperative  but  separate  divisions,  known  as  the  Medical  College  Divi- 
sion and  the  Sloan-Kettering  Division.  The  Graduate  School  of  Medical  Sciences  was 
given  full  responsibility  for  advanced  general  degrees  granted  for  study  in  residence 
on  the  New  York  City  campus  of  Cornell  University. 
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Facilities 


The  Cornell  University  Graduate  School  of  Medical  Sciences  is  part  of  a  large  biomed- 
ical  center  extending  along  York  Avenue  between  65th  and  72nd  Streets  on  Manhat- 
tan's East  Side.  This  complex  includes  Cornell  University  Medical  College,  New  York 
Hospital,  the  Memorial  Sloan-Kettering  Cancer  Center,  and  The  Rockefeller  University. 
The  core  facilities  of  the  Graduate  School  of  Medical  Sciences,  which  include  the  re- 
search laboratories  of  its  faculty,  are  located  within  the  Cornell  Medical  College- 
New  York  Hospital  complex  and  the  Howard,  Kettering,  Rockefeller,  and  Schwartz 
laboratory  buildings  of  the  Sloan-Kettering  Institute  for  Cancer  Research.  Other 
buildings  in  this  area  provide  student  housing  and  recreational  facilities.  Several  din- 
ing rooms  and  snack  bars  are  located  in  this  complex,  and  the  immediate  neighbor- 
hood abounds  in  a  large  variety  of  restaurants. 

Especially  noteworthy  are  two  large  biomedical  libraries  available  to  graduate 
students.  The  smaller  of  the  two,  the  Medical  Library— Nathan  Cummings  Center, 
contains  over  32,000  books  and  journals.  The  Samuel  J.  Wood  Library  has  a  collection 
of  147,500  volumes  and  subscriptions  to  1,630  journals.  It  is  one  of  the  country's  first 
fully  automated  medical  libraries  featuring  computer  terminals  which  provide  access 
to  library  materials  and  permit  bibliographic  searches  in  a  number  of  data  bases.  A 
microcomputer  center,  with  an  extensive  software  collection,  is  maintained  at  the  li- 
brary for  staff  and  students. 

Organization 

The  faculty  of  the  Graduate  School  of  Medical  Sciences  is  composed  of  the  profes- 
sional staffs  of  the  basic  science  and  clinical  departments  of  Cornell  University  Medi- 
cal College,  and  the  professional  staff  members  of  the  Sloan-Kettering  Institute  for 
Cancer  Research. 

Graduate  training  is  offered  in  several  areas  of  the  biomedical  sciences.  These 
Programs  of  Study  bring  together  faculty  members  who  have  related  research  and 
teaching  interests. 

Executive  Committee 

The  Executive  Committee  is  both  the  administrative  and  judicial  board  of  the  Gradu- 
ate School  of  Medical  Sciences  and  its  members  have  continuing  responsibility  for  the 
academic  affairs  of  the  school.  The  Committee  is  composed  of  the  Chairpersons  of 
the  graduate  programs,  the  Dean  and  Associate  Dean,  the  Provost  for  Medical  Affairs 
of  Cornell  University,  the  Director  of  the  Sloan-Kettering  Division,  the  Chairperson 
and  Vice-Chairperson  of  the  Faculty  Advisory  Committee  (see  below),  and  two  non- 
voting, elected  student  representatives. 

The  Executive  Committee  considers  such  matters  involving  the  interests  and 
policies  of  the  Graduate  School  of  Medical  Sciences  as  are  referred  to  it  by  the  Faculty 
Advisory  Committee,  by  individual  members  of  the  Faculty,  or  are  generated  upon  its 
own  initiative.  The  Committee  approves  the  addition  or  deletion  of  programs  of 
study,  reviews  the  admission  of  students,  approves  a  student's  major  and  minor  pro- 
grams, reviews  the  curriculum  and  requirements  for  degrees. 


2 


The  Executive  Committee  is  chaired  by  the  Dean,  who  is  the  academic  adminis- 
trative officer  of  the  Graduate  School  of  Medical  Sciences  and  is  also  an  Associate 
Dean  of  the  Graduate  School  of  Cornell  University.  The  Associate  Dean,  who  is  also  an 
Assistant  Dean  of  the  Graduate  School  of  Cornell  University,  is  the  Secretary  of  the 
Executive  Committee. 

Faculty  Advisory  Committee 

The  Faculty  Advisory  Committee  is  the  primary  body  representing  the  views  of  the 
Faculty  of  the  Graduate  School  of  Medical  Sciences.  The  Committee  advises  the  Dean 
and  the  Executive  Committee  on  the  impact  of  educational  and  policy  matters  under 
their  consideration  and  recommends  changes  in  educational  activities,  procedures, 
and  policy  of  the  Graduate  School  of  Medical  Sciences. 

The  Faculty  Advisory  Committee  is  composed  of  elected  faculty  representatives 
from  the  graduate  programs  and  one  elected  student  representative  from  each  Divi- 
sion. The  Chairperson  and  Vice-Chairperson  of  the  Committee  are  elected  by  its 
membership.  Non-voting  members  are  the  Dean  and  Associate  Dean,  the  Provost  for 
Medical  Affairs  of  Cornell  University,  and  the  Director  of  the  Sloan-Kettering  Division. 

Special  Programs 

Tri-Institutional  M.D.-Ph.D.  Program 

This  program  offers  a  small  number  of  highly  qualified  college  graduates  the  opportu- 
nity to  study  both  clinincal  and  biomedical  disciplines  leading  to  the  M.D.  and  Ph.D. 
degrees.  The  combination  of  basic  research  skills  and  clinical  experience  prepares 
students  in  the  program  for  teaching  and  investigative  careers.  Preclinical  and  clinical 
training  are  provided  by  the  faculty  of  Cornell  University  Medical  College.  Research 
opportunities  are  offered  in  the  laboratories  of  the  Cornell  University  Graduate 
School  of  Medical  Sciences,  The  Rockefeller  University,  and  the  Sloan-Kettering 
Institute. 

The  M.D.-Ph.D.  Program  offers  an  intensive  and  intellectually  challenging  six- 
year  course  of  study.  Participants  spend  the  first  two  years  as  medical  students  master- 
ing the  preclinical  sciences  and  attending  research-oriented  seminars  led  by  experts 
in  the  biomedical  fields.  The  summer  months  are  spent  in  the  laboratory  learning  ex- 
perimental techniques  and  doing  research.  The  students  spend  the  next  three  years 
as  full-time  graduate  students,  mainly  doing  laboratory  research  and  writing  the  the- 
sis. Research  training  is  offered  in  the  following  areas:  biochemistry,  biophysics,  cell 
biology,  genetics,  immunology,  molecular  biology,  neurosciences,  pharmacology,  and 
physiology.  The  jixth  year  consists  of  required  clerkships  in  medicine,  surgery,  ob- 
stetrics and  gynecology,  pediatrics,  neurology,  psychiatry  radiology,  public  health,  and 
anesthesiology.  The  six-year  plan  satisfies  the  minimum  residency  requirements  for 
both  the  M.D.  and  Ph.D.  degrees. 

A  successful  applicant  will  demonstrate  excellent  undergraduate  science  prepa- 
ration and  a  strong  commitment  to  combining  an  investigative  career  in  the  biomedi- 
cal sciences  with  clinical  medicine.  Applicants  must  satisfy  the  requirements  of  each 
institution.  All  students  accepted  in  the  M.D.-Ph.D.  Program  receive  full-tuition 
scholarships  and  stipends  to  cover  living  expenses  for  the  six-year  period. 

For  application  to  the  M.D.-Ph.D.  Program,  see  p.  66. 
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Ph.D.-M.D.  Program 


Students  enrolled  in  the  Graduate  School  of  Medical  Sciences  may  be  eligible  for  ad- 
mission into  the  Ph.D.-M.D.  Program,  jointly  sponsored  by  the  Medical  College  and 
the  Graduate  School  of  Medical  Sciences.  This  program  is  designed  for  those  graduate 
students  who  find  that  their  teaching  and  research  goals  require  the  acquisition  of  the 
M.D.  degree  in  addition  to  the  Ph.D.  degree.  The  program  is  not  designed  as  an  alter- 
nate path  for  students  who  have  the  M.D.  degree  as  their  primary  goal,  but  who  have 
not  been  accepted  by  a  medical  school.  Those  who  know,  at  the  time  of  application  to 
Cornell,  that  they  want  to  pursue  a  course  of  study  leading  to  both  degrees  should  ap- 
ply to  the  M.D.-Ph.D.  program  described  above. 

See  p.  66  for  application  and  graduation  requirements  of  the  Ph.D.-M.D. 
program. 


4 


Faculty  and  Research 
Activities 


Biochemistry 


Faculty 

Mary  E.  Anderson 

John  P  Blass 

Adele  L  Boskey 

Esther  M.  Breslow 

Arthur  J.  L.  Cooper 

Gordon  E  Fairclough 

Jerald  D.  Gass 

Jack  Goldstein 

Owen  W.  Griffith 

David  P  Ha j  jar 

Rudy  H.  Haschemeyer 

Bernard  L.  Horecker  (Emeritus) 

Alton  Meister 


Ursula  Muller-Eberhard 
Abraham  Novogrodsky 
Julian  R.  Rachele  (Emeritus) 
Hugh  D.  Robertson 
Albert  L.  Rubin 
Edward  T.  Schubert 
Richard  I.  Soffer 
Kurt  H.  Stenzel 
Suresh  S.  Tate 
Sidney  Udenfriend 
Daniel  Wellner 
David  Zakim 


Research  Activities 

Members  of  the  Biochemistry  program  are  engaged  in  research  spanning  a  wide  spec- 
trum of  scientific  areas  in  which  a  variety  of  modern  techniques  of  molecular  biology 
and  chemistry  are  used.  Dr.  Meister's  research  is  concerned  with  the  study  of  en- 
zymes, especially  those  involved  in  amino  acid  and  peptide  metabolism.  The  research 
involves  isolation  of  enzymes,  determination  of  their  structures  and  properties,  clon- 
ing, sequencing  and  expression.  The  research  is  basic  in  nature,  but  significant  rela- 
tionships between  this  research  and  human  disease  have  been  discovered  and  are 
also  being  explored.  Current  work  involves  the  metabolism  and  function  of  glutathi- 
one, including  the  relationships  of  this  tripeptide  to  transport,  metabolism,  radiation, 
chemotherapy,  and  the  functions  of  mitochondria  and  cells  of  the  immune  system. 

Dr.  Anderson's  research  involves  the  synthesis  of  compounds  which  increase  or 
decrease  cellular  glutathione  levels.  These  inhibitors  or  prodrugs  are  used  in  vitro, 
in  vivo,  or  in  culture  to  study  the  metabolism  and  function  of  glutathione.  Enzyme 
studies  include  cloning,  expression  and  site-specific  mutagenesis  to  examine  enzyme 
mechanisms.  Recent  research  interests  include  the  mechanisms  of  T-lymphocyte  acti- 
vation of  multi-drug  resistance,  and  the  effects  of  viral  infection  on  glutathione 
metabolism. 

Dr.  Mass's  research  focuses  on  the  neurochemistry  of  disease,  and  specifically  on 
the  cellular  and  molecular  neurobiology  of  Alzheimer's  disease.  His  laboratory  con- 
centrates on  the  use  of  cell  culture  models,  including  cultures  developed  in  his  labo- 
ratory from  autopsy  human  brain.  These  models  are  used  to  study  regulation  and 
other  dynamic  aspects  of  cellular  function  which  cannot  be  studied  in  autopsy  brain. 

Dr.  Boskey's  research  is  concerned  with  elucidating  the  factors  controlling  physi- 
ologic and  dystrophic  calcification.  Hydroxyapatite  formation  and  growth  are  studied 
in  solution,  collagen  gels,  in  animal  tissues,  and  in  cell  culture.  Recent  studies  have 
concentrated  on  the  mechanism  of  action  of  proteoglycans  (  a  mineralization  inhibi- 


Views  of  Manhattan  from 
Cornell  Medical  College. 
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tor)  and  phosphorylated  matrix  proteins  ( promoters  of  mineralization ).  Studies  are 
also  in  progress  on:  the  role  of  vitamin  D  metabolites  in  bone  lipid  metabolism,  the 
actions  of  other  matrix  proteins  in  the  regulation  of  calcification,  and  the  effect  of 
trace  elements  on  bone  metabolism. 

Dr.  Breslow  is  concerned  with  understanding  the  forces  that  determine  the  spec- 
ificity of  protein-protein  interactions  and  the  relationship  between  protein  structure 
and  function.  She  has  been  studying  the  interactions  of  the  pituitary  peptide  hor- 
mones, oxytocin  and  vasopressin,  with  their  storage  protein,  neurophysin.  These 
studies  are  directed  towards  elucidating  the  binding  site  regions  of  the  hormones  and 
of  the  protein  and  at  quantitating  the  energies  of  different  components  of  the  interac- 
tion. A  second  area  of  research  concerns  the  mechanism  by  which  proteins  are  de- 
graded intracellular^  during  normal  protein  turnover.  The  aims  of  these  studies  are 
to  understand  the  precise  role  of  ubiquitin,  a  small  protein  known  to  be  involved  in 
this  process,  and  to  elucidate  the  mechanisms  underlying  the  selection  of  proteins  for 
degradation. 

Dr.  Cooper's  laboratory  is  working  in  the  area  of  a-keto  acid  biochemistry  and 
pyridoxal  phosphate  enzymes.  Another  area  of  active  research  is  the  metabolism  of 
amino  acids  and  ammonia  in  the  brain  and  other  tissues.  For  this  purpose,  molecules 
labeled  with  short-lived  positron-emitting  isotopes  are  synthesized  and  their  distri- 
bution in  tissues  is  analyzed  by  various  techniques  including  positron  emission  tomog- 
raphy. Cerebral  energy  metabolism,  with  particular  emphasis  on  the  malate-aspartate 
shuttle  and  its  disruption  in  various  disease  states  are  also  being  investigated.  Dr. 
Cooper  is  also  working  on  the  design  of  specific  enzyme  inhibitors  of  two  metaboli- 
cally  important  enzymes,  namely  aspartate  aminotransferase  and  lactate  dehydroge- 
nase. His  group  has  isolated  and  is  studying  the  molecular  biology  of  an  enzyme  impli- 
cated in  the  bioactivation  of  certain  nephrotoxic/cerebrotoxic  halogenated 
compounds. 

Dr.  Goldstein  is  studying  the  structure  and  function  and  erythrocyte  surface  anti- 
gens and  is  working  on  enzymatic  methods  for  the  removal  of  immuno  dominant  sug- 
ars responsible  for  blood  group  A  and  B  activity.  He  is  also  isolating  and  characterizing 
proteins  exhibiting  Rh  structures,  clarification  of  the  genetic  systems  involved  in  Rh 
expression  and  modification  of  such  antigenic  sites  by  chemical  and  enzymatic 
procedures. 

Dr.  Griffith's  research  involves  the  design,  synthesis  and  utilization  in  vivo  of 
enzyme-selective  inhibitors  and  substrates.  These  compounds  are  used  both  to  evalu- 
ate and  to  control  the  metabolic  flux  through  various  pathways  in  intact  animals.  Re- 
cent studies  have  focused  on  the  manipulation  of  glutathione,  cysteine,  nitric  oxides 
and  carnitine-dependent  metabolisms.  Enzyme-selective  inhibitors  were  developed 
that  allow  either  glutathione  biosynthesis  and  utilization  to  be  blocked;  techniques  al- 
lowing extracellular  cystine  formation  to  be  controlled  were  also  developed.  The  in- 
hibitors were  shown  to  be  useful  in  treating  animal  trypanosomiasis,  enhancing  oxi- 
dative killing  of  tumor  cells,  and  preventing  the  formation  of  leukotriene  C.  New 
inhibitors  have  also  been  developed  to  allow  in  vivo  control  of  carnitine  metabolism. 
Applications  of  these  compounds  include  the  investigation  and  therapy  of  inherited 
diseases  of  lipid  metabolism  and  diabetes.  In  collaboration  with  Drs.  Gross  and  Levi 
(Pharmacology)  and  Dr.  Nathan  (Medicine)  inhibitors  have  been  developed  that  allow 
nitric  oxide  synthesis  by  macrophages  and  endothelial  cells  to  be  selectively  con- 
trolled. Such  inhibitors  are  being  used  in  studies  of  septic  shock,  blood  pressure  regu- 
lation, and  immune  cell-mediated  killing  of  tumor  cells. 


Dr.  Najjar's  laboratory  has  focused  on  cell-cell  and  cell-virus  interactions  during 
the  pathogenesis  of  arteriosclerosis.  Studies  are  aimed  at  elucidating  the  cellular 
mechanisms  by  which  viruses  and  chemical  mutagens  alter  gene  expression  that 
would  modify  the  structural  state  of  arterial  lipid  in  such  a  manner  as  to  render  immo- 
bilized lipid.  In  addition,  studies  are  underway  to  determine  the  mechanism  of  the 
cellular  portal  of  entry  of  herpes  virus  into  mammalian  cells.  Techniques  used  in  the 
laboratory  include  transcriptional  and  translational  assays  to  define  gene  regulation 
during  arterial  injury,  and  differential  scanning  calorimetry  and  mass  spectroscopy  to 
characterize  the  physical  state  of  the  arterial  lipids. 

Dr.  Haschemeyer's  laboratory  concentrates  on  the  development  of  physical  meth- 
ods to  study  molecular  structure  and  interactions.  Current  emphasis  is  directed 
toward  computer  modeling  of  biological  flow  methods  and  heterogeneous-phase  re- 
actions. Additional  computer  applications  are  directed  toward  denning  prognostic 
factors  and  treatment  protocols  that  optimize  graft  survival  in  kidney  transplant 
patients. 

Dr.  Muller-Eberhard  is  investigating  the  mechanisms  of  transport  of  iron  proto- 
porphyrin IX  and  its  metabolic  precursors  by  proteins  in  the  blood  stream  as  well  as 
within  hepatocytes.  She  is  studying  the  exchange  of  porphyrins  between  proteins 
purified  from  serum  and  from  hepatocytes;  developing  methods  which  delineate  the 
function  of  these  proteins  in  the  delivery  of  porphyrins  to  hepatocytes  and  their  intra- 
cellular distribution;  and  assessing  the  interaction  of  these  proteins  with  artificial  and 
biological  membranes  to  learn  how  they  may  facilitate  ligand  transport  across  cellular 
and  intracellular  barriers. 

Dr.  Robertson's  work  involves  the  structure  and  function  of  biologically  impor- 
tant RNA  molecules.  Recent  work  has  focused  on  RNA-catalyzed  cleavage  of  viroid- 
like  RNA  pathogens  during  their  replication.  For  example,  a  region  of  the  genomic 
RNA  of  the  delta  hepatitis  agent  has  been  isolated  and  found  to  contain  a  highly  active 
RNA  enzyme  (  "ribozyme"  )  region.  Work  on  RNA  processing  and  replication  of  viroid- 
like  agents  and  their  replication  by  rolling  circle  mechanisms,  and  a  2-domain  model 
for  the  structure  of  the  delta  hepatitis  RNA  genome,  structural  probe  for  RNA  tertiary 
structure  at  or  near  biologically  active  sites  involving  ultraviolet  light-induced  cross- 
linking  and  mapping  by  direct  techniques  of  the  resulting  new  covalent  linkages. 

The  main  objective  of  Dr.  Sojfer's  research  is  to  characterize  the  physical,  chemi- 
cal, and  biochemical  properties  of  angiotensin  II  receptor  which  has  been  purified  to 
a  nearly  homogeneous  state  from  rabbit  hepatic  membranes. 

Drs.  Stenzel  and Novogrodsky  are  interested  in  determining  mechanisms  in- 
volved in  the  regression  of  metastatic  kidney  tumor  mediated  by  autologous  killer 
cells  activated  by  the  oxidizing  mitogens  and  recombinant  interleukin  2  (rIL2).  They 
are  using  in  vitro  systems  to  determine  mechanisms  of  cell  mediated  cytotoxicity. 
These  investigations  include  an  analysis  of  mononuclear  cell  sub-populations  in- 
volved, mechanisms  of  target  cell  lysis  (membrane  structures  vs.  soluble  factors),  tar- 
get specificity  and  synergistic  effects  of  additional  biologic  response  modifiers.  In 
vivo  systems  are  used  to  determine  mechanisms  of  tumor  lysis  in  vivo  mediated  by 
administration  of  activated  killer  cells  and  rIL2  in  mouse  tumor  models.  Clinical  stud- 
ies are  underway  in  patients  with  metastatic  renal  cell  carcinoma  to  determine  effi- 
cacy and  toxicity  of  adoptive  immunotherapy.  Alterations  in  patients'  immune  re- 
sponses are  determined.  These  studies  include  a  structural  and  functional  analysis  of 
circulating  mononuclear  cell  populations. 
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Dr.  Tate  is  investigating  the  molecular  basis  of  amino  acid  transport  in  animal 
cells.  It  has  long  been  known  that  amino  acids  are  transported  into  mammalian  cells 
by  a  number  of  carrier- mediated  systems,  some  of  which  are  energized  by  a  sodium 
gradient  while  others  are  sodium-independent.  In  the  case  of  nutritionally  essential 
amino  acids  the  uptake  processes  become  vital  for  the  survival  of  the  cells.  Little, 
however,  is  known  about  these  catalysts  at  a  molecular  level.  Research  in  the  labora- 
tory is  aimed  at  the  molecular  characterization  of  neutral  amino  acid  transporters. 
The  cDNAs  encoding  these  transporters  are  being  cloned  using  the  Xenofms  oocyte 
expression  system  for  screening  of  the  cDNA  libraries. 

Dr.  Wellner's  laboratory  is  concerned  with  the  structure  and  function  of  enzymes 
involved  in  amino  acid  metabolism,  such  as  L-amino  acid  oxidase  and  threonine  de- 
aminase. Techniques  employed  for  the  study  of  protein  structure  include  amino  acid 
analysis  and  microsequencing  using  a  gas-phase  protein  sequencer. 

Recent  Publications 
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and  CD3  antigens.  Proc  Natl  Acad.  Sci.  USA  87:3343-3347,  1990. 
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Breslow,  E.  (with  Burman,  S.,  Wellner,  D.,  Chait,  B.,  and  Chaudhary,  T ),  Complete  assignment  of  neurophy- 
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and  (J-methylene-DL- aspartate  on  metabolism  of  glutamate  and  related  amino  acids  by  astrocytes 
and  neurons  in  primary  culture.  Neurochem.  Res.  14:377—389,  1989. 

Cooper,  A.J.  L.  (with  Lau,  K.  S.,  and  Chuang,  D.  T  ),  Inhibition  of  the  branched-chain  2-oxo  acid  dehydroge- 
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Goldstein,  J.  (with  Lenny,  L.,  Davies,  D.,  and  Voak,  D. ),  Further  evidence  for  the  presence  of  A  antigen  on 
group  B  erythrocytes  through  the  use  of  specific  exoglycosidase.  Vox  Sang.  57: 142— 146,  1989. 

Goldstein,  J.  ( with  Suyama,  K. )  Enzymatic  evidence  for  difference  in  the  placement  of  Rh  antigens  within 
the  red  cell  membrane.  Blood  75:255-260,  1990. 
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and  N°-methylarginine.  Biochem.  Biophys.  Res.  Commun.  170:96— 103,  1990. 

Griffith,  O.  W  (with  Friedman,  H.  S. ),  Inhibition  of  metabolic  drug  inactivation:  Modulation  of  drug  activity 
and  toxicity  by  perturbation  of  glutathione  metabolism,  in:  Synergism  and  Antagonism  in  Chemo- 
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Meister,  A.  (with  Martensson,  J.,  and  Lai,  J.  C.  K. ),  Highly  affinity  transport  of  glutathione  is  part  of  a  multi- 
component  system  essential  for  mitochondrial  function.  Proc.  Natl.  Acad  Sci.  U.S.A  87:7185-7189, 
1990. 

Muller-Eberhard,  U.  (with  Nikkila,  H. ),  Transport  of  tetrapyrroles  by  proteins.  Seminars  in  Hematology 
26:86-104,  1989. 

Muller-Eberhard,  U.  (with  Fahimi,  H.  D.,  Volkl,  A.,  and  Vincent,  S.  H. ),  Localization  of  the  heme  binding  pro- 
tein in  nucleus  and  cytoplasm  of  rat  liver  parenchymal  cells.  Hepatology  11 :859-865,  1990. 

Muller-Eberhard,  U.  (with  Nikkila,  H.,  and  Gitlin,  J. ),  Rat  hemopexin.  Molecular  cloning,  primary  structural 
characterization  and  analysis  of  gene  expression.  Biochemistry  30:823—829,  1991. 

Robertson,  H.  D.  (with  Branch,  A.  D.,  Benenfeld,  B.  J.,  Baroudy,  B.  M.,  Wells,  E  V,  and  Gerin,  J.  L. ),  An  ultra- 
violet-sensitive RNA  structural  element  in  a  viroid-like  domain  of  the  hepatitis  delta  virus,  Science 
243:649-652,  1989. 

Soffer,  R.  L.  (with  Kiron,  M.  A.  R. ),  Purification  and  properties  of  a  soluble  angiotensin  II-binding  protein 
from  rabbit  liver./  Biol.  Chem.,  264:4138-4142,  1989. 

Tate,  S.  S.  (with  Urade,  R.,  Getchell,  T.  V,  and  Udenfriend,  S. ),  Expression  of  the  mammalian  Na  *  -indepen- 
dent L  system  amino  acid  transporters  in  Xenopus  laevis  oocytes,  Arch.  Biochem.  Biophys.,  275: 
591-596,  1989. 

Tate,  S.  S.  (with  Urade,  R.,  Micanovic,  R.,  Gerber,  L.,  and  Udenfriend,  S. ),  Secreted  alkaline  phosphatase:  An 
internal  standard  for  expression  of  injected  mRNAs  in  the  Xenopus  oocyte,  FASEB  /.,  4:227—231, 
1990. 

Udenfriend,  S.  (with  Berger,  J.,  Micanovic,  R.,  and  Greenspan,  R. ),  Conversion  of  placental  alkaline  phospha- 
tase from  a  phosphatidylinositol-glycan-anchored  protein  to  an  integral  transmembrane  protein. 
Proc.  Natl.  Acad  Sci.  U.S.A  86:1457-  1460,  1989. 

Udenfriend,  S.  (with  Micanovic,  R.,  Gerber,  L.,  and  Kodukula,  K. ),  Selectivity  of  the  cleavage/attachment  site 
of  phosphatidylinositol-glycan-anchored  membrane  proteins  determined  by  site-specific  mutagene- 
sis at  Asp-484  of  placental  alkaline  phosphatase.  Proc.  Natl.  Acad  Sci.  U.S.  A  87:157-  161,  1990. 

Udenfriend,  S.  (with  Micanovic,  R.,  Kodukula,  K.,  and  Gerber,  L. ),  Selectivity  at  the  cleavage/attachment  site 
of  phosphatidylinositol-glycan-anchored  membrane  proteins  is  enzymatically  determined.  Proc. 
Natl  Acad  Sci.  US  A  87:7939-7943,  1990. 


Wellner,  I),  (with  Fannccrselvam,  C,  and  Horeckcr,  B.  L  ),  Sequencing  of  peptides  and  proteins  with  blocked 
N-terminal  amino  acids:  N-acetylserine  or  N-acctylthreonine.  /'roc.  Natl.  Acad.  Set.  U  S  A  87: 1947— 
1949,  1990. 

Wellner,  I),  (with  Huang,  F.„  Nocka,  K.,  Beier,  D.  R.,  Chu,  T.-Y,  Buck,  J  ,  Lahm,  H.  W.,  Lcder,  F,  and  Besmer,  H ), 
The  hematopoietic  growth  factor  KJ.  is  encoded  by  the  SI  locus  and  is  the  ligand  of  the  c-kit  recep- 
tor, the  gene  product  of  the  W  locus.  Cell  63:225-233,  1990 

Wellner,  I),  (with  Stole,  E.,  Scddon,  A.  F,  and  Meister,  A. ),  Identification  of  a  highly  reactive  threonine  residue 
at  the  active  site  of  gamma-glutamyl  transpeptidase.  I'roc.  Natl.  Acad.  Sci.  U.S.  A  87:1707-  1709, 
1990. 


12 


Cell  Biology  and  Genetics 


Faculty 

Rosemary  E  Bachvarova 
David  M.  Bader 
Robert  Benezra 
June  L.  Biedler 
Anthony  M.  C.  Brown 
Michael  A.  Caudy 
Raju  S.  K.  Chaganti 
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Franz-Ulrich  Hartl 
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Irwin  L.  Klein 
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Paul  A.  Marks 
Joan  Massague 
Malcolm  A.  S.  Moore 
Ralph  L.  Nachman 
Carl  E  Nathan 
Joel  D.  Pardee 
Marilyn  D.  Resh 
Richard  A.  Rifkind 
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Research  Activities 

The  faculty  of  the  Interdivisional  Program  in  Cell  Biology  and  Genetics  conduct  re- 
search in  a  broad  range  of  fields  which  include  the  most  exciting  areas  of  genetics  and 
cell,  developmental  and  molecular  biology.  Specific  interests  include  the  developmen- 
tal biology  of  the  early  embryo  and  of  cardiovascular  and  muscle  tissues;  membrane 
biology;  cell  motility  and  the  cytoskeleton;  the  molecular  biology  of  cell  growth,  dif- 
ferentiation and  oncogenic  transformation;  endocrinology  and  hormone  receptors; 
human  somatic  cell  and  cyto  genetics;  molecular  virology  These  studies  are  pursued 
using  the  most  current  cell  biological,  genetic,  molecular  and  immunological  meth- 
odologies in  modern  and  well-equipped  facilities. 

Dr.  Bachvarova  is  interested  in  gene  expression  in  early  mouse  embryos  and 
germ  cells.  Current  projects  under  investigation  include:  the  control  of  translation  of 
endogenous  and  injected  mRNAs  during  meiotic  maturation  of  mouse  oocytes,  the 
expression  of  genes  encoding  growth  factors  that  may  be  involved  in  mesoderm  in- 
duction, and  the  expression  of  c-kit,  a  tyrosine  kinase  receptor  involved  in  germ  cell 
development.  Dr.  Baaer's  laboratory  is  concerned  with  the  development  of  the  heart. 
Specific  interests  are  the  differential  expression  of  myosin  heavy  chains  in  the  devel- 
oping myocardium,  and  the  mechanisms  by  which  myocardial  heterogeneity  are  gen- 
erated. Monoclonal  antibody  and  recombinant  DNA  technologies  provide  the  basis 
for  these  studies  of  cardiac  myogenesis  in  vivo  and  in  vitro.  Dr.  Benezra!*  research  is 
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focused  on  the  newly  discovered  Id  protein,  a  functional  antagonist  of  the  helix-loop- 
helix  class  of  transcriptional  activators.  His  interest  is  in  the  role  of  this  transcrip- 
tional repressor  in  embryonic  development  and  muscle  differentiation.  Dr.  Biedler's 
research  concerns  the  genetic  mechanisms  underlying  the  cellular  acquisition  of 
multiple  resistances  to  cancer  chemotherapeutic  agents.  At  least  two  amplified  genes 
with  a  role  in  this  process  have  been  identified  and  are  being  studied.  A  second  area 
of  research  is  human  neuroblastoma,  a  system  involving  amplification  of  a  specific 
gene  and  consequent  cytogenetic  abnormalities.  Current  studies  are  focused  on  the 
correlation  of  the  differential  expression  of  the  N-myc  oncogene  and  the  EGF  recep- 
tor gene  with  varying  states  of  malignant  transformation  and/or  cell  differentiation. 

Dr.  Brown  is  studying  the  molecular  mechanisms  of  oncogene  action  in  neopla- 
sia and  the  function  of  proto-oncogenes  in  normal  cells.  A  major  focus  of  his  research 
is  the  proto-oncogene  int- 1  ( wnt-1),  which  plays  an  important  role  in  the  formation 
of  mouse  mammary  carcinomas  and  is  strongly  implicated  in  early  embryonic  devel- 
opment of  the  nervous  system.  Analyses  of  other  members  of  the  wnt  family  and  their 
developmental  roles  are  also  underway.  Dr.  Candy  is  interested  in  the  molecular  ge- 
netic mechanisms  which  control  neuronal  pattern  formation  during  development.  A 
network  of  cell  determination  genes  which  control  neuronal  cell  fate  in  Drosophila 
embryos  are  the  major  focus  of  his  laboratory.  The  proteins  encoded  by  this  gene  fam- 
ily are  members  of  the  helix-loop-helix  class  of  transcription  factors,  whose  mammal- 
ian homologues  are  proto-oncogenes.  The  major  aim  of  Dr.  Chagantfs  research  is  to 
define  the  role  played  by  hereditary  factors  in  the  etiology  and  progression  of  human 
malignancy  Studies  focus  on  inherited  changes  associated  with  cancer  predisposition 
and  with  acquired  changes  associated  with  various  tumors.  Chromosomal  rearrange- 
ment, gene  amplification,  point  mutation  and  gene  deregulation  are  considered.  Dr. 
Chad's  research  interests  focus  on  gene  expression  and  regulation  in  mammalian 
cells.  Molecular  genetic  techniques  are  being  applied  to  study  the  gene  encoding  the 
nerve  growth  factor  receptor  and  to  analyze  the  role  of  the  receptor  in  the  mecha- 
nism of  signal  transduction  by  NGF  and  in  the  development  of  the  nervous  system. 

The  focus  of  Dr.  Citfs  research  is  the  structure  of  tight  junctions,  which  are  criti- 
cal for  epithelial  cell  function.  Biochemical  and  molecular  genetic  analysis  of  cingu- 
lin,  a  specific  tight  junction  protein,  is  being  undertaken  to  understand  its  role  in  the 
junction.  A  variety  of  research  areas  with  relevance  to  human  in  vitro  fertilization  are 
the  focus  of  the  work  in  Dr.  Cohen's  laboratory  These  include  the  development  of  im- 
proved micromanipulations  which  aid  sperm  in  crossing  the  zona  pellucida  as  well  as 
approaches  to  correcting  polyspermic  embryos.  Embryo  co-culture  and  preimplanta- 
tion  genetic  diagnosis  are  also  topics  of  interest.  Dr.  Deutsche  laboratory  studies  the 
mechanisms  whereby  hormones  and  their  second  messengers  induce  gene  expres- 
sion. Regulation  of  collagenase  gene  expression  via  a  cAMP-responsive  and  phorbol 
ester-responsive  DNA  motif  is  a  current  focus  of  research.  Dr.  Donner  is  studying  the 
molecular  basis  for  signal  transduction  through  peptide  hormone  and  cytokine  recep- 
tors. A  major  focus  of  present  research  is  the  structure,  function  and  regulation  of  the 
receptor  for  tumor  necrosis  factor.  Dr.  Fischman's  research  focuses  on  the  cell  and 
molecular  biology  of  skeletal  and  cardiac  muscle  development.  The  identification  of 
genes  encoding  novel  muscle  components,  retroviral  analysis  of  cell  lineages,  and  tar- 
geted gene  insertions  are  being  employed  to  better  define  the  steps  involved  in  sar- 
comere assembly. 

Dr.  Freedman's  laboratory  is  attempting  to  elucidate  the  molecular  mechanisms 
by  which  DNA  binding  proteins  effect  differential  gene  expression.  His  work  is  cen- 
tered on  the  study  of  transcription  factors  containing  the  important  zinc  finger  motif 
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and  their  direct  role  in  mediating  regulatory  events  which  control  development  and 
differentiation.  Several  clinically  relevant  aspects  of  human  genetics  are  under  study 
in  Dr.  German's  laboratory.  The  primary  defect  in  Bloom's  syndrome  is  being  mapped 
with  the  eventual  goal  of  cloning  the  gene  involved;  this  syndrome  illustrates  the  de- 
velopmental consequences  of  somatic  mutation.  The  molecular  dissection  of  the 
pseudoautosomal  and  adjoining  regions  of  human  sex  chromosomes  is  also  an  area  of 
research  interest.  The  focus  of  research  in  Dr.  Gershengorn's  laboratory  is  the  delinea- 
tion of  the  mechanisms  of  signal  transduction  used  by  throtropin-releasing  hormone 
(TRH)  in  pituitary  cells.  Using  a  recently  isolated  cDNA  for  the  TRH  receptor,  the  mo- 
lecular details  of  TRH  binding,  of  coupling  to  a  G  protein  that  activates  inositol  lipid 
hydrolysis  and  of  receptor  regulation  will  be  studied.  Research  in  Dr.  Hajjar's  labora- 
tory focuses  on  the  cellular  portal  of  entry  of  herpesvirus  and  the  role  these  viruses 
may  play  in  the  activation  of  the  coagulation  cascade  on  the  surface  of  the  blood  ves- 
sel wall  and  the  atherosclerotic  process.  Dr.  HartVs  laboratory  is  interested  in  the 
mechanisms  and  components  involved  in  the  folding  of  newly-synthesized  proteins. 
The  lab  is  presently  investigating  the  molecular  mechanism  of  catalyzed  protein 
folding. 

Dr.  Jaffe  is  studying  stimulus-response  coupling,  signal  transduction,  and  prosta- 
cyclin production  in  endothelial  cells.  Current  research  includes  expression  cloning 
of  the  human  endothelial  cell  thrombin  receptor  using  the  Xenopus  laevis  oocyte 
system.  Cytokine-induced  expression  of  endothelial  cell  surface  antigens  is  also  being 
studied.  The  focus  of  Dr.  Jasin's  work  is  the  development  of  methods  to  precisely 
modify  the  mammalian  genome  by  recombination.  The  mechanism  by  which  mam- 
malian cells  achieve  homologous  recombination  is  also  of  interest.  Dr.  Klein  is  study- 
ing the  effects  of  cardiac  contractility  and  thyroid  hormone  on  the  regulation  of  car- 
diac myosin  synthesis.  The  control  and  maintenance  of  cellular  differentiation,  and 
the  mechanism  of  hormone  action,  are  the  two  major  interests  of  Dr.  Lai.  The  ap- 
proaches taken  in  the  laboratory  include  the  identification  and  analysis  of  liver-spe- 
cific genes  and  the  study  of  genes  which  are  rapidly  induced  by  growth  hormone.  Of 
major  interest  to  Drs.  Marks  and  Rifliind  are  the  cellular  and  molecular  mechanisms 
that  control  coordinated  gene  expression  and  proliferation  during  induced  cell  differ- 
entiation. The  principal  experimental  model  is  the  murine  erythroleukemia  cell 
(MELC),  which  is  a  virally  transformed  red  blood  cell  precursor  arrested  at  a  stage  of 
the  lineage  called  the  colony-forming  cell  for  erythropoiesis.  A  number  of  denned 
chemical  agents  can  induce  MELC  to  express  the  genetic  program  of  erythroid  differ- 
entiation. Present  studies  address  the  signal  mechanisms  triggered  by  inducing 
agents,  the  mechanism  of  induced  gene  expression,  and  the  identification  and  cloning 
of  genes  implicated  in  the  programmed  cessation  of  cell  proliferation. 

Dr.  Massague  investigates  the  mediation  of  intercellular  communication  by 
growth  and  differentiation  factors.  Much  of  the  research  is  centered  on  understanding 
the  activities  of  transformation  growth  factors  (TGF).  Dr.  Moore's  research  concerns 
the  mechanism  of  action  of  hematopoietic  growth  factors  and  interleukins  in  regulat- 
ing the  proliferation  and  differentiation  of  normal  and  leukemic  hematopoietic  stem 
cells.  The  regulation  of  factor  production  and  the  modwlation  of  receptors  on  various 
cell  populations  are  being  analyzed;  in  vivo  tumor  models  are  being  investigated  to 
test  the  potential  for  cytokine  treatment  in  intensified  chemotherapy.  The  focus  of 
work  in  Dr.  Nacbman's  laboratory  is  the  endothelial  cell  membrane  and  the  macrom- 
olecular  assembly  of  fibrinolytic  constituents  that  influence  vascular  non-thrombo- 
genicity.  Dr.  Nathan's  efforts  are  aimed  at  understanding  how  phagocytic  leukocytes 
kill  microbes,  tumor  cells,  and  normal  host  elements  at  inflammatory  sites.  Invcstiga- 


15 


tions  into  the  biochemical  bases  of  cytotoxicity  by  macrophages  and  granulocytes  are 
integrated  into  a  context  of  cell  biology  and  clinical  investigation.  Dr.  Pardee's  re- 
search is  concerned  with  the  regulation  of  the  actin  cytoskeleton  by  actin-binding 
proteins.  Regulatory  proteins,  such  as  myosin,  severin  and  an  actin  filament  bundling 
factor,  have  been  isolated  and  are  being  analyzed  for  their  roles  in  cell  migration  and 
neoplastic  transformation. 

The  focus  of  Dr.  Rodrigidez-Boulan's  laboratory  is  the  regulation  of  the  normal 
and  the  transformed  epithelial  cell  phenotype.  The  roles  of  protein  targeting,  the  cy- 
toskeleton, and  regulatory  signals  and  growth  factors  are  studied  using  biochemical, 
immunological,  virological  and  molecular  techniques  in  combination  with  modern 
video  and  electron  microscopy  procedures.  Dr.  Robertson's  research  is  focused  on 
structural  and  functional  analysis  of  biologically  important  RNA  molecules.  RNA  ge- 
nomes of  viroid-like  organisms  such  as  the  hepatitis  delta  agent  are  a  current  focus  of 
interest.  The  work  in  Dr.  Rothtnan's  laboratory  is  focused  on  intracellular  protein 
sorting.  An  in  vitro  transport  system  derived  from  Golgi  stacks  has  been  developed; 
this  system  allows  a  biochemical  analysis  of  protein  sorting  and  the  associated  protein 
modifications.  Biochemical  analysis  of  one  factor  (  NSF  )  essential  for  the  transport  pro- 
cess is  underway.  The  interaction  of  various  cytoplasmic  oncoproteins  with  mem- 
brane receptors  is  the  major  interest  of  Dr.  Resh  's  laboratory.  The  laboratory  is  investi- 
gating the  association  of  the  myristylated  sre  protein  with  the  plasma  membrane,  an 
association  which  is  necessary  for  sre-mediated  neoplastic  transformation.  Two  main 
areas  of  research  are  the  identification  of  the  myristyl-src  receptor  and  the  enzymol- 
ogy  of  protein  myristylation.  Dr.  Sih'erstein's  interests  concern  the  events  that  occur 
on  the  surface  of  platelets  and  vascular  cells  during  thrombosis  and  atherosclerosis. 
His  laboratory  is  pursuing  a  molecular  biological  analysis  of  proteins  expressed  pref- 
erentially on  the  surface  of  activated  platelets,  as  well  as  examining  relevant  features 
of  cell-cell  and  cell-matrix  adhesion. 

Dr.  Sonenberg's  long-range  objective  is  the  molecular  description  of  membrane 
transduction  of  peptide  hormonal  messages  after  interaction  with  a  specific  mem- 
brane receptor  or  other  membrane  component.  Dr.  StaianoCoico's  research  focuses 
on  investigating  the  regulation  of  growth  and  differentiation  of  epithelial  cells.  The 
laboratory  employs  a  number  of  molecular,  biochemical  and  flow  cytometric  tech- 
niques to  characterize  the  changes  which  epithelial  cell  subpopulations  undergo  dur- 
ing transition  to  a  terminally  differentiated  state.  The  main  focus  of  Dr.  Traktman's  re- 
search is  a  molecular  genetic  analysis  of  vaccinia  virus.  Of  particular  interest  are  the 
temporal  regulation  of  gene  expression  and  the  coordination  of  viral  DNA  replication. 
A  variety  of  molecular,  genetic  and  biochemical  techniques  are  being  employed  to 
identify  and  characterize  the  viral  genes  and  enzymes  involved  in  DNA  replication,  re- 
combination, and  the  maintenance  of  DNA  topology.  A  new  area  of  research  within 
the  laboratory  is  a  molecular  genetic  and  cell  biological  investigation  of  the  initiation 
and  maintenance  of  bone  cell  differentiation.  Dr.  Wiedmann's  laboratory  is  interested 
in  the  mechanism  of  protein  translocation  across  membranes.  His  lab  is  currently  at- 
tempting to  reconstitute  translocation  with  the  purified  SSR  complex  and  other  nec- 
essary components.  Dr.  White's  laboratory  studies  molecular  defects  associated  with 
inherited  disorders  of  steroid  metabolism,  and  is  elucidating  the  mechanisms  by 
which  these  disorders  affect  growth,  sexual  differentiation  and  blood  pressure  ho- 
meostasis. The  main  interest  of  Dr.  Zakim's  laboratory  is  solvent-solute  interactions 
in  membranes,  in  which  the  polymethylene  chains  are  the  solvent  and  proteins  or 
small  apolar  molecules  are  the  solutes.  A  major  emphasis  is  on  how  these  non-specific 
effects  regulate  the  functions  of  integral  membrane  proteins. 
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Research  Activities 

The  main  interests  of  the  Immunology  faculty  are  focused  on  the  complex  molecular 
and  cellular  mechanisms  responsible  for  the  development  and  regulation  of  the  im- 
mune system.  Research  programs  can  be  grouped  into  three  main  areas:  (  1 )  immuno- 
genetics  of  cell  surface  molecules  involved  in  the  differentiation  and  function  of  nor- 
mal and  malignant  lymphoid  cells;  (  2  )  cellular  immunology  of  the  interactions 
between  cells  and  their  secreted  products,  and  (  3  )  tumor  immunology  of  the  trans- 
formed tumor  cell  and  its  host,  aimed  at  designing  possible  diagnostic  and  therapeu- 
tic strategies.  Research  in  all  three  areas  involves  studies  using  both  animal  models 
and  human  cells.  Immunology  is  multidisciplinary  in  its  approaches  and  has  gener- 
ated its  own  methodology  (such  as  the  production  of  monoclonal  antibodies,  and  the 
continuous  in  vitro  growth  and  cloning  of  lymphoid  cells),  in  addition  to  using  the 
methods  of  other  disciplines,  including  biochemistry  and  molecular  biology.  For  ex- 
ample, the  analysis  of  the  biological  significance  of  a  given  lymphoid  cell  surface  anti- 
gen is  not  only  studied  using  classical  genetics  and  in  functional  assays  using  mono- 
clonal antibodies,  but  also  by  isolating  the  molecule  and  denning  its  structure  using 
biochemical  techniques  and  characterizing  its  gene  with  the  tools  of  molecular  biol- 
ogy. Thus,  the  general  approach  of  the  research  program  is  to  define  immunological 
events  at  the  biological,  biochemical  and  molecular  levels. 

In  the  field  of  tumor  immunology,  Dr.  Albino's  laboratory  is  examining  the  role 
of  specific  oncogenes  in  the  pathogenesis  of  malignant  melanoma  and  renal  carci- 
noma. This  includes  a  comprehensive  study  of  the  steps  required  for  the  transforma- 
tion of  human  melanocytes  and  proxymal  tubule  cells.  In  addition,  this  laboratory 
also  studies  the  structure  and  function  of  melanoma  cell-surface  differentiation  pro- 
teins and  their  gene  sequences. 

Dr.  Chiorazzfs  laboratory  is  investigating  the  mechanisms  and  cellular  interac- 
tions involved  in  B  lymphocyte  activation  and  differentiation  to  antibody  secreting 
cells.  Studies  of  selected  lymphoid  cell  surface  receptors  and  their  ligands  are  integral 
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components  of  these  analyses.  Monoclonal  populations  of  lymphoid  cells,  derived  hy 
either  Hpstein-Barr  virus  transformation  or  somatic  cell  hybridization,  arc  frequently 
employed  in  this  approach.  Structural  and  functional  studies  of  antibodies  produced 
in  certain  autoimmune  disorders  have  provided  basic  clues  to  the  relationship  be- 
tween normal  and  disease  states.  Autoimmune  and  allergic  disorders  as  well  as  the 
chronic  lymphoid  malignancies  are  this  laboratory's  clinical  interests. 

The  central  themes  for  Dr.  Dupont's  laboratory  are  the  characterization  of  the 
genetic  composition  of  the  genes  of  the  human  major  histocompatibility  complex 
( MHC );  the  investigation  of  the  molecular  genetic  basis  for  the  expression  of  these  ex- 
tensive genetic  polymorphisms  of  the  MHC-encodcd  cell  surface  antigens  as  detected 
in  the  population;  and  the  biological  role  of  MHC  gene  products  in  immunoregulation 
and  other  biological  functions.  The  laboratory  is  also  involved  in  investigations  in  the 
area  of  transplantation  immunology,  particularly  in  relation  to  the  understanding  of 
mechanisms  responsible  for  graft  vs.  host  disease. 

For  the  mouse,  the  majority  of  genes  encoding  lymphocyte  antigens  are  orga- 
nized in  distinct  multigene  families  positioned  on  several  chromosomes.  Study  of 
these  gene  clusters  continues  to  be  the  major  theme  of  Dr.  Hammerling's  efforts.  The 
immunogenetics  of  murine  and  human  lymphoid  and  hemopoietic  cell  surface  anti- 
gens using  monoclonal  antibodies  is  another  area  of  Dr.  Hammerling's  studies,  with 
special  emphasis  on  their  role  in  T  cell  activation. 

Dr.  Houghton's  research  program  is  investigating  the  expression  and  regulation 
of  antigens  by  human  tumor  cells.  Genes  coding  for  these  antigens  are  being  identi- 
fied, sequenced  and  expressed.  The  role  of  differentiation  and  malignant  transforma- 
tion in  the  expression  of  these  antigens  is  an  area  of  active  study.  Antigens  on  tumor 
cells  that  are  potential  targets  for  recognition  by  the  immune  system  are  of  particular 
interest. 

The  molecular  genetics  of  the  human  major  histocompatibility  complex  or  HLA 
genes  is  the  major  area  of  study  of  Dr.  Lee's  laboratory.  Her  goals  are  to  identify  and 
characterize  genes  and  their  products  that  govern  the  tissue  specific  expression  of 
class  II  genes.  These  studies  involve  the  analysis  of  defects  in  expression  of  mutant 
cell  lines  derived  from  immunodeficiency  patients.  In  addition,  the  laboratory  is  in- 
vestigating regulatory  polymorphisms  associated  with  different  alleles. 

Investigations  of  the  glycoproteins  and  glycolipids  of  human  tumor  cells  and  nor- 
mal cells  are  the  focus  of  research  in  Dr.  Lloyd's  laboratory.  Particular  emphasis  has 
been  placed  on  the  biochemical  identification  and  characterization  of  these 
components. 

Dr.  Murray  has  several  inter-related  research  interests.  These  include  ( 1 )  macro- 
phage activation  for  antimicrobial  activity  (  2 )  intracellular  infections  caused  by  Toxo- 
plasma gondii  and  Leishmania  donovani,  (  3  )  interferon-gamma,  and  ( 4 )  the  AIDS  T 
cell  defect. 

Dr.  Nathan's  efforts  are  aimed  at  understanding  how  phagocytic  leukocytes  kill 
microbes,  tumor  cells,  and  normal  host  elements  at  inflammatory  sites.  Investigations 
into  the  biochemical  bases  of  cytoxicity  by  macrophages  and  granulocytes  are  inte- 
grated into  a  context  of  cell  biology  and  clinical  investigation. 

The  focus  of  Dr.  Nikolic-Zugic's  laboratory  is  on  the  ontogeny  of  T  cells  and  their 
differentiation  in  the  thymus.  This  laboratory  is  also  investigating  the  interaction  of 
the  major  histocompatibility  complex  (MHC)  encoded  molecules  and  the  TCR  during 
the  positive  selection  of  T  cells  in  the  thymus. 
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Dr.  Novogrodsky's  research  interests  include  mechanisms  of  lymphocyte  activa- 
tion, oxidative  mitogenesis  and  effector  mechanisms  mediated  by  mononuclear  cells 
and  cytokines.  Current  work  involves  the  mitogenic  properties  of  hemin  and  its  ana- 
logs and  other  iron-containing  agents  (the  ferro-mitogens),  and  the  evaluation  of  their 
immune  stimulatory  and  anti-tumor  activity 

The  main  effort  in  Dr.  Oettgen's  laboratory  is  on  the  serological  analysis  of  hu- 
man cancer  antigens,  the  humoral  and  cellular  immune  responses  to  human  cancer, 
and  the  development  and  application  of  human  cancer  therapies  using  immunogenic 
cancer  vaccines,  monoclonal  antibodies,  and  cytokines. 

Dr.  Old's  research  is  concerned  with  the  development  of  two  new  approaches 
to  cancer  therapy:  tumor  necrosis  factor  (TNF)  and  monoclonal  antibodies  directed 
against  surface  determinants  on  malignant  cells.  The  latter  is  part  of  a  general  effort  to 
analyze  the  cell  surface  of  human  and  murine  tumors,  with  the  aim  to  characterize 
the  important  surface  molecules,  mostly  with  monoclonal  antibodies  and  other  sero- 
logical procedures. 

The  principal  objective  of  Dr.  O'Reillys  Bone  Marrow  Transplantation  Program  is 
the  development  and  improvement  of  transplantation  approaches  for  the  treatment  of 
lethal  disorders  of  the  blood  system  through  an  integrated  program  of  clinical  and 
basic  research  in  immunology,  hematology,  genetics,  and  transplantation  biology. 

Dr.  Posnetfs  laboratory  is  interested  in  basic  problems  of  immunology.  The  ap- 
proach is  primarily  molecular.  The  topics  under  study  include  the  human  T  cell  anti- 
gen receptor  and  several  lymphocyte  membrane  molecules  that  may  serve  as  lympho- 
kine  receptors.  In  the  former  case  he  is  interested  in  understanding  the  process  of 
antigen/MHC  recognition  by  T  cells.  Studies  are  focusing  on  T  cell  antigen  receptor  V 
gene  usage  and  its  relationship  with  antigen/MHC  reactivity.  Also  of  interest  are  dis- 
ease associations  with  the  T  cell  antigen  receptor  genes.  He  is  also  cloning  the  genes 
of  several  putative  lymphokine  receptors.  These  studies  are  aimed  at  understanding 
the  function  of  these  membrane  activation  antigens. 

The  main  objective  of  Dr.  Rettig's  research  is  to  define  the  rules  and  molecular 
mechanisms  by  which  intrinsic  genetic  differentiation  programs,  extrinsic  differentia- 
tion signals,  and  malignant  transformation  are  integrated  in  specific  cell  types  to  gen- 
erate the  complex  cell-surface  patterns  seen  in  human  tumors. 

Dr.  Russo's  research  is  concerned  with  the  role  of  MHC  molecules  in  the  regula- 
tion of  the  immune  response.  Two  major  areas  are  under  investigation:  ( 1 )  the  dual 
function  of  MHC  class  II  molecules  in  the  induction  of  self-tolerance  and  in  the  biol- 
ogy of  the  autoreactive  T-cell  network,  (  2  )  the  relationship  between  selective  loss  of 
MHC  class  I  molecules  by  tumor  cells  and  tumor  progression. 

Dr.  Schwab's  research  focuses  on  age-associated  changes  in  the  activation  signal 
transduction  mechanism  via  the  T-cell  receptor  CD3  complex  and  IL-2  receptor. 

Dr.  Siskind  is  concerned  with  factors  regulating  the  immune  response.  In  partic- 
ular, he  is  studying  (  1 )  the  role  of  idiotype  anti  idiotype  interactions  in  determining 
clonal  expression  and  (  2  )  the  role  of  T  cells  bearing  receptors  for  the  Fc  of  IgD  in  reg- 
ulating the  magnitude  of  the  immune  response. 

Dr.  Stenzel's  studies  have  focused  on  biochemical  mechanisms  of  lymphocyte  ac- 
tivation, transplantation  immunology  and  the  role  of  cell  mediated  cytotoxicity  in  the 
control  of  cancer  growth.  The  latter  studies  include  both  basic  and  clinical  investiga- 
tion of  adoptive  immunotherapy  in  renal  adenocarcinoma. 

Dr.  Stutman's  research  is  focused  in  two  areas:  (  1 )  the  ontogeny,  maintenance 
and  involution  of  functional  T  cells,  including  T  cell  subsets  and  the  role  of  the  thy- 
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mus  proper  in  such  processes,  and  (2)  the  immunological  components  of  the  tumor- 
host  interaction,  especially  the  production  of  cytotoxic  effector  cells  which  can  kill 
tumor  cells  by  production  of  tumor  necrosis  factor  (TNF)  and  other  lytic  molecules. 

Dr.  Weksler's  research  concerns  two  areas:  (  1 )  The  biology  of  autoreactive  T  lym- 
phocytes and  (  2 )  the  immunobiology  of  aging.  The  former  studies  are  aimed  at  under- 
standing the  development  and  regulation  of  the  immune  system;  the  latter  at  under- 
standing the  biological  processes  that  lead  to  the  diseases  of  aging. 

Dr.  Yhng's  laboratory  is  conducting  studies  of  the  molecular  mechanisms  con- 
trolling class  I  MHC  gene  expression  during  cellular  differentiation  and  neoplastic 
transformation,  as  well  as  the  biological  role  of  class  I  MHC  determinants  in  tissue 
transplantation.  Another  area  of  study  is  the  activation  and  differentiation  of  T-lym- 
phocytes  and  characterization  of  T- lymphocyte  differentiation  antigens  and  their 
function. 
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Research  Activities 

The  faculty  of  the  Graduate  Program  in  Molecular  Biology  offers  graduate  research 
training  in  a  variety  of  systems  on  problems  related  to  the  replication,  transcription, 
translation  and  function  of  genetic  information  in  developing  organisms  and  differen- 
tiating cells.  The  research  activities  of  the  faculty  can  be  divided  into  four  broad  areas 
of  study:  DNA  replication  and  recombination;  regulation  of  RNA  synthesis  and  pro- 
cessing; receptors  and  their  role  in  cell  function  and  differentiation;  and  retroviruses, 
proto-oncogenes,  and  development. 

DNA  Replication  and  Recombination 

DNA  replication  in  prokaryotes  is  under  study  in  the  laboratories  of  Dr.  Marians  and 
Dr.  O'Donnell.  Dr.  Marians  focuses  on  studies  of  the  enzymological  mechanisms  of 
DNA  replication  in  Escherichia  coli,  using  cell-free  systems.  The  use  of  in  vitro  DNA 
replication  systems  composed  of  purified  replication  proteins  enables  detailed  analy- 
ses of  the  interaction  of  the  replication  proteins  with  each  other  and  with  the  DNA 
template.  The  role  of  topology  in  DNA  replication,  as  well  as  the  mechanisms  of  DNA 
topoisomerases,  is  also  under  study  in  his  lab.  A  detailed  examination  of  the  molecu- 
lar mechanics  of  DNA  replication  is  also  the  focus  of  Dr.  O'Donnell's  laboratory.  The 
dynamic  motions  on  templates  of  the  multi-protein  replicative  polymerase  of  E  coli 
and  its  interaction  with  other  proteins  at  the  replication  fork  are  under  study.  Dr. 
O'Donnell  is  also  beginning  to  investigate  the  control  of  initiation  of  replication  of 
Epstein-Barr  virus. 

Faculty  investigating  eukaryotic  DNA  replication  employ  several  different  viral 
systems.  Dr.  Berns  uses  the  life  cycle  of  the  human  adeno-associated  virus  AAV2  to 
model  how  gene  expression  and  DNA  replication  are  regulated.  Dr.  Hurwitz's  labora- 
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tory  uses  the  adeno  and  SV40  viral  DNA  replication  systems  as  probes  for  the  enzy- 
matic mechanisms  of  cellular  DNA  replication.  The  regulation  of  bovine  papilloma  vi- 
rus DNA  replication  is  studied  by  Dr.  Disky  using  molecular  genetics  to  define  and 
characterize  the  viral  genes  required  for  replication  in  vivo  and  using  biochemical 
approaches  to  study  BFV  DNA  replication  in  vitro.  The  replication  of  AAV,  adenovi- 
rus, SV40,  and  BPV  require  host  cellular  proteins,  thus  these  viral  systems  also  allow 
these  investigators  to  study  the  endogenous  mechanisms  for  DNA  replication  in  mam- 
malian cells. 

Both  Dr.  Traktman's  and  Dr.  Rabkiris  laboratory  study  the  replication  of  large 
DNA  viruses  that  encode  their  own  DNA  replication  machinery.  Dr.  Traktman  em- 
ploys both  biochemical  and  molecular  genetical  techniques  to  define  the  genes  of 
vaccinia  virus  that  are  required  for  its  replication.  Dr.  Rabkin  is  developing  an  in  vi- 
tro system  for  the  replication  of  herpes  simplex  viral  DNA  in  order  to  identify  and 
characterize  the  proteins  involved  in  these  processes. 

The  molecular  processes  controlling  the  structure,  function,  and  genetic  proper- 
ties of  chromosomes  are  being  studied  by  the  laboratories  of  Drs.  Lustig  and  Hackett. 
Using  molecular  genetics  and  biochemistry,  Dr.  Lustig  is  investigating  the  mecha- 
nisms that  have  evolved  for  replicating  telomeres,  the  unique  ends  of  chromosomes 
required  for  stability,  and  the  role  these  sequences  play  in  chromosome  segregation 
and  recombination. 

Dr.  Hackett  is  also  interested  in  the  structure  of  the  bacterial  genome  and  how  it 
changes  over  time.  His  immediate  objective  is  to  construct  detailed  restriction  maps 
of  the  genomes  of  several  related  isolates  of  Ha lobacterium  halobium.  Comparisons 
will  reveal  how  genome  structure  evolves  both  normally  and  in  response  to  selective 
pressure. 

Another  key  cellular  process  that  occurs  on  DNA  is  the  exchange  of  genetic  in- 
formation through  the  process  of  recombination.  Dr.  Holloman's  laboratory  studies 
the  genes  and  the  enzy  mes  involved  in  this  complicated  process.  Model  studies  focus 
on  the  mechanism  of  synapsis  and  DNA  strand  exchange. 

Regulation  of  RNA  Synthesis  and  Processing 

Many  aspects  of  the  regulation  of  gene  transcription  and  RNA  processing  are  under 
active  investigation  by  members  of  the  Molecular  Biology  Program.  These  include  the 
definition  of  controlling  DNA  and  RNA  sequences,  the  identification  and  characteriza- 
tion of  the  proteins  and  enzymes  involved,  and  the  elucidation  of  the  mechanisms  that 
dictate  temporal  and  spatial  patterns  of  gene  expression. 

Using  genetic  and  molecular  genetic  techniques,  Dr.  Osley  is  investigating  the  ba- 
sis of  the  periodic  expression  of  the  histone  genes  in  yeast. 

Research  in  Dr.  Sheffery's  laboratory  is  directed  at  understanding  how  proteins 
and  DNA  interact  to  form  structures  that  influence  gene  transcription,  using  the 
mouse  globin  genes  as  a  model.  Particular  effort  is  devoted  to  understanding  tissue- 
specific  gene  expression. 

In  a  related  effort,  the  basis  of  sequence-specific  recognition  of  DNA  by  proteins 
is  studied  by  Dr.  Barany  using  a  combination  of  molecular  biology,  X-ray  crystallogra- 
phy, and  NMR  spectroscopy. 

Dr.  Falck-Pedersen  is  characterizing  the  regulatory  elements  involved  in  eukar- 
yotic  transcription  termination  and  RNA  processing  using  genetically  reconstructed 
adeno-virus  as  a  model  vector.  Both  biochemical  and  genetic  aspects  of  transcrip- 


28 


tional  control,  with  particular  emphasis  on  transcription  termination  in  purified  in 
vitro  systems,  are  under  study  by  Dr.  Shuman  using  vaccinia  virus  as  a  model. 

Dr.  Dorsetfs  laboratory  is  using  both  genetic  and  molecular  genetic  techniques 
to  define  the  cis-  and  trans  acting  factors  that  regulate  virus-like  transposons  in  Dro- 
sophila.  These  transposons  are  responsible  for  a  number  of  naturally  occurring  muta- 
tions in  Drosophila  and  have  been  shown  to  affect  the  expression  of  the  mutated  host 
genes  at  the  level  of  transcription. 

Dr.  Hurwitz's  group  studies  the  enzymes  and  enzymological  processes  involved 
in  mRNA  splicing  in  human  cells. 

Receptors  and  Their  Role  in  Cell  Function  and  Differentiation 

Several  laboratories  are  investigating  receptors  that  transmit  signals  to  the  interior  of 
the  cell  after  forming  a  complex  with  a  specific  ligand. 

In  a  series  of  experiments  in  Dr.  Jtavetch's  laboratory,  the  molecular  genetic 
analysis  of  cell  surface  receptor  proteins  is  being  conducted,  aimed  at  defining  their 
modulation,  mechanism  of  signal  transduction,  and  developmental  regulation  by  iso- 
lation and  characterization  of  genes  that  code  for  proteins  binding  immunoglobulins 
(FC  receptors),  by  studying  the  interaction  of  the  malaria  producing  parasite  with  the 
erythrocyte,  and  by  characterizing  the  activated  macrophage  phenotype. 

Dr.  Neffis  interested  in  the  role  of  vacuolar-type  proton  ATPases  in  endocytosis 
and  vacular  functions  in  Saccharomyces  cerevisiae.  Toward  this  goal  two  genes  have 
been  cloned  that  have  identity  with  proton  ATPase  subunits,  one  of  which  codes  for  a 
proton  channel  protein. 

The  gene  for  human  nerve  growth  factor  receptor  has  been  isolated  by  Dr. 
Chad's  laboratory.  Recombinant  DNA  technology  is  being  used  to  study  the  important 
structural  features  of  the  gene,  the  molecular  basis  of  differential  receptor  expression 
during  development,  and  the  mechanism  of  signal  transduction. 

Using  the  generation  of  transgenic  mice  as  the  major  experimental  tool,  Dr.  Lacy 
is  studying  the  regulation  and  function  of  the  CD4  and  CD8  cell  surface  glycoproteins 
during  T-cell  maturation  in  the  thymus.  CD4  and  CD8,  respectively,  recognize  and 
bind  to  nonpolymorphic  regions  on  class  II  and  class  I  major  histocompatibility  com- 
plex (MHC)  proteins;  their  interactions  with  the  MHC  proteins  are  believed  to  regu- 
late the  signals  transduced  by  the  T-cell  receptor  during  T-cell  development. 

Retroviruses,  Proto-oncogenes,  and  Development 

The  research  activities  of  the  Molecular  Biology  faculty  in  this  area  are  quite  diverse 
and  include  studies  on  retroviral  vectors,  retroviral  induced  neoplastic  diseases,  the 
role  of  proto-oncogenes  in  cell  and  tissue  differentiation,  embryonic  axis  formation 
and  the  development  of  the  nervous  system  in  Drosophila,  and  gene  function  in  the 
early  mouse  embryo. 

Efficient  methods  to  introduce  genes  into  human  cells,  using  retroviruses,  are 
being  developed  in  Dr.  Gilboa's  laboratory.  These  methods  are  used  to  develop  an  ef- 
ficient gene  therapy  protocol  for  the  treatment  of  genetic  disorders  and  to  modify  and 
amplify  specific  immune  responses  in  the  human  patient. 

The  major  objective  of  Dr.  Haywarrfs  laboratory  is  the  elucidation  of  the  molec- 
ular basis  of  the  induction  of  neoplastic  disease,  using  avian  leukosis  viruses  as  model 
systems.  Of  particular  interest  at  the  present  time  is  the  identification  and  characteri- 
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zation  of  oncogenes  involved  in  late  stages  of  tumor  progression. 

The  current  research  goal  in  Dr.  Besmer's  laboratory  is  to  understand  the  func- 
tion of  the  proto-oncogene  c-kit,  a  transmembrane  receptor  kinase;  the  c-kit  ligand  is 
being  sought  and  molecular  aspects  of  c  kit  mediated  signal  transmission  are  being 
investigated  in  hemotopoietic  cell  differentiation  and  development. 

Dr.  Brotvn  is  studying  molecular  mechanisms  of  oncogene  action,  concentrating 
on  tumors  induced  by  the  mouse  mammary  tumor  virus  ( MMTV ).  A  major  focus  of  his 
research  is  the  function  of  the  proto-oncogene  int-\,  which  is  activated  by  MMTV  in 
mammary  tumors  and  is  also  implicated  in  early  embryonic  development  of  the  ner- 
vous system. 

Dr.  Tempst's  laboratory  studies  the  regulation,  processing  and  activities  of  anti- 
bacterial peptides,  which  are  major  components  of  the  insect  immune  system.  High 
resolution  2D  gel  electrophoresis  and  high  sensitivity  sequencing  techniques  are 
being  developed  to  investigate  cellular  events  at  the  single  protein  level. 

Drs.  DeLotto,Jack,  and  Ballinger  use  Drosophila  as  an  experimental  organism 
for  the  study  of  development  and  cell  determination.  Dr.  DeLotto  studies  the  bio- 
chemical mechanisms  underlying  embryonic  axis  formation  using  genetic  and  molec- 
ular biological  approaches.  Dr.  Jack  is  currently  investigating  the  molecular  genetics 
of  development  of  the  peripheral  nervous  system.  Dr.  Ballinger1*  laboratory  is  investi- 
gating mechanisms  of  differentiation,  pattern  formation  and  behavior  in  the  Droso- 
phila visual  system  with  a  combination  of  molecular  and  genetic  techniques.  Photo- 
receptor neurons  are  the  subject  of  studies  focused  on  a  terminal  differentiation 
antigen,  and  on  the  mechanism  of  pattern  formation.  To  investigate  the  function  of 
complex  neural  processing  networks,  behavioral  mutations  that  alter  the  processing 
of  visual  information  are  under  study. 

Dr.  Lacy's  group  is  working  on  identifying  and  isolating  genes  that  are  required 
for  early  mouse  development  by  generating  insertional  mutations  in  the  germ  line  of 
transgenic  mice. 
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Research  Activities 

Dr.  Baker  studies  the  factors  underlying  the  determination  and  maintenance  of 
neuronal  phenotype.  Using  the  olfactory  system  as  a  model,  Dr.  Baker  focuses  her  re- 
search on  neurotransmitter  expression  during  development  and  aging  as  well  as  in  re- 
sponse to  deafferenting  lesions.  Immunocytochemical,  neurochemical,  in  situ  hy- 
bridization, molecular  biological  and  neuronal  tracing  techniques  are  utilized  in  these 
studies. 

Dr.  Ballinger's  research  interests  include  molecular  and  genetic  studies  of  the 
development  and  function  of  the  Drosophila  visual  system. 

Dr.  Blasberg's  research  projects  include  in  vivo  imaging  studies  in  both  small  an- 
imals (quantitative  autoradiography;  QAR)  and  human  subjects  (positron  emission 
tomography;  PET)  related  to:  1 )  brain  and  brain  tumor  physiology  (iododeoxyuridine 
incorporation  in  DNA,  glucose  metabolism,  blood  flow  and  transcapillary  transport); 
2)  opiate  receptor  imaging  using  specific  radiolabeled  opiate  antagonists  under  nor- 
mal and  altered  states;  and  3  )  correlation  between  the  physiological  response  and 
brain  concentrations  of  different  radiolabeled  opioid  analgesics  following  i.v 
administration. 

Dr.  Bovbjerg  studies  the  interactions  between  the  brain  and  the  immune  system. 
His  particular  interest  is  classically  conditioned  changes  in  immune  function.  Re- 
search techniques  include  a  variety  of  in  vitro  and  in  vivo  assessments  of  immune 
function.  Other  research  interests  include  "stress"  effects  on  immune  function  and 
behavioral  effects  of  immunologic  manipulation. 
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Dr.  Caucfy  is  interested  in  the  molecular-genetic  mechanisms  which  control  neu- 
ronal pattern  formation  during  development.  He  is  studying  a  network  of  cell  deter- 
mination genes  which  control  the  switch  between  neuronal  and  non-neuronal  cell 
fates  in  Drosopbila  embryos.  These  genes  encode  a  family  of  DNA-binding  transcrip 
tion  factors  ("helix-loop-helix"  proteins )  whose  human  homologues  are  proto- 
oncogenes. 

Dr.  Cooper's  research  interests  include  a-Keto  acid  chemistry  and  biochemistry; 
pyridoxal  S'-phosphate  enzymes;  investigations  of  enzyme  mechanisms;  design  of  en- 
zyme inhibitors  as  drugs;  amino  acid  and  ammonia  metabolism  in  normal  and  disease- 
states;  cerebral  energy  metabolism  (with  particular  emphasis  on  the  malatc-aspartate 
shuttle  )and  its  disruption  in  various  disease  states;  design  and  use  of  molecules  la- 
beled with  short-lived  radioisotopes  for  positron  emission  tomography  of  the  human 
tissues  and  for  tracer  studies  in  animals;  neurochemical  consequences  of  cerebral  is- 
chemia; molecular  biology  of  glutamine  transaminase  K/cysteine.S-conjugate  (i-lay- 
ase,  to-amidase  in  rat  kidney;  mitochondrial  defects  in  Alzheimer's  disease 

Dr.  Darnell  is  working  on  the  cloning  and  characterization  of  onconeural  genes, 
which  are  defined  by  the  paraneoplastic  neuronal  syndromes.  These  genes  are  coor- 
dinate^ expressed  in  discrete  populations  of  neurons  and  tumor  cells,  and  can  be 
readily  cloned  using  autoantibodies  from  affected  patients.  Onconeural  genes  are  of 
interest  both  as  a  tool  for  analyzing  neuron  specific  development  and  function,  and  as 
a  means  for  contrasting  the  function  and  regulation  of  gene  expression  in  neurons 
and  tumors. 

Dr.  Furneaux's  laboratory  identifies  gene  products  that  regulate  the  develop- 
ment of  the  neuronal  phenotype.  The  focus  of  these  studies  is  a  unique  group  of  anit- 
gens  which  are  exclusively  expressed  in  neurons  and  are  recognized  by  the  sera  of 
patients  with  paraneoplastic  neurological  syndromes,  rare  disorders  in  which  an  anti- 
tumor immune  response  is  thought  to  be  misdirected  against  the  brain.  A  number  of 
these  antigens  have  been  cloned  and  characterized.  One  ( HuD )  is  a  neuronal-specific 
RNA  binding  protein  and  is  highly  homologous  to  a  Drosopbila  protein  ( Elav )  which 
controls  neuronal  cell  fate.  Another  ( CD3 )  is  expressed  in  a  subset  of  mammalian 
neurons  and  has  features  that  suggest  it  functions  in  the  control  of  neuronal  gene 
expression.  Since  these  antigens  are  also  uniquely  expressed  in  human  systematic  tu- 
mors, these  recombinant  proteins  provide  important  reagents  for  diagnosis  and 
therapy. 

Dr.  Gardner  studies  how  neurons  use  chemical  synaptic  transmission  to  commu- 
nicate with  one  another.  Neurons  in  ganglia  of  the  mollusc  Aplysia  are  probed  by  in- 
tracellular recording,  voltage  clamping,  patch  clamping,  and  computer-based  analysis 
to  yield  principles  of  organization  of  cell  networks.  One  project  focuses  on  properties 
of  transmitter-activated  channels  which  are  altered  to  produce  different  postsynaptic 
currents.  A  second  project  combines  neurophysiology  with  artificial  intelligence 
techniques  to  ask  how  neuronal  biophysics  coordinates  the  activity  of  neurons  in  a 
network. 

Dr.  Gibbs'  research  focuses  on  the  neurobiology  of  motivated  behaviors,  espe- 
cially the  neuroendocrine  mechanisms  controlling  feeding  behavior  in  animals  and 
the  pathophysiology  of  eating  disorders  in  humans. 

Dr.  Gibson  examines  the  relation  of  signal  transduction  systems  (e.g.  calcium,  PI 
cascade  and  cyclic  AMP)  to  oxidative  metabolism,  neurotransmitters,  altered  brain 
function  and  cell  death.  He  is  also  examining  the  mechanisms  by  which  alterations  in 
second  messengers  regulate  gene  expression,  including  the  catecholamine  enzyme 
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genes.  These  interactions  are  examined  in  animal  models  of  conditions  that  alter 
memory  and  other  mental  functions  in  man  (aging,  hypoxia/ischemia  and  thiamin  de- 
ficiency )  as  well  as  in  tissues  from  Alzheimer  patients.  In  vivo  neurotransmitter  me- 
tabolism and  calcium  homeostasis  are  related  to  behavior.  In  vitro  systems  are  uti- 
lized to  examine  molecular  mechanisms.  Human  studies  include  measurements  on 
autopsied  brain  as  well  as  studies  of  calcium  dynamics  in  lymphocytes,  red  blood 
cells  and  cultured  skin  fibroblasts. 

Dr.  Goldman  is  interested  in  neuroplasticity  in  the  adult  brain.  His  research  is  fo- 
cused upon  the  molecular  mechanisms  subserving  neural  production,  migration  and 
differentiation  in  a  neurogenic  region  of  the  adult  songbird  brain.  These  cellular 
events  are  examined  both  in  vivo  and  in  vitro,  with  the  aim  of  determining  the  regu- 
latory constraints  on  neurogenesis  and  neuroblastic  migration  in  the  adult  CNS. 

Dr.  Grafstein  is  concerned  with  problems  of  nerve  regeneration  and  the  re- 
sponse of  nerve  cells  to  injury.  Techniques  used  include  light  and  electron  micros- 
copy and  radioactive  isotope  methods  for  analyzing  the  axonal  transport  of  proteins 
and  other  cellular  constituents. 

Dr.  Inturrisi  studies  the  factors  that  regulate  endogenous  opioid  peptide  biosyn- 
thesis and  release  and  the  behavioral  consequences  of  alterations  in  this  system.  Mo- 
lecular probes  for  opioid  peptide  mRNAs  are  used  to  examine  neurogenic  and  hor- 
monal control  of  gene  expression  using  in  vivo  and  in  vitro  models. 

Dr.  Job's  main  interest  is  to  study  the  gene  expression  and  regulation  of  neuro- 
transmitter enzymes,  receptors  and  neuron  specific  proteins.  Multidisciplinary  stud- 
ies with  molecular  biologists,  developmental  biologists,  neurobiologists  and  histoche- 
mists  include  structure/function  analyses  of  genes  coding  for  these  neuronal 
elements,  characterization  of  molecular  events  occurring  during  neuronal  degenera- 
tion, and  investigation  of  transgenic  mouse  models  of  genetically  altered 
neu  rotransmission . 

Dr.  Meeley  is  interested  in  neurochemical  regulation  of  synaptic  transmission. 
The  model  system  currently  studied  is  brainstem  pathways  controlling  arterial  pres- 
sure and  heart  rate.  The  focus  is  on  elucidation  of  specific  transmitters  involved  in 
mediating  autonomic  signals  within  principle  nuclei,  and  their  possible  interactions, 
and  on  isolating  and  identifying  new  putative  transmitters,  e.g.  a  clonidine-like  sub- 
stance in  the  brain,  the  putative  endogenous  ligand  interacting  with  imidazole  recep- 
tors in  the  ventrolateral  brainstem.  Methods  of  purification  of  small  molecules  and 
specific  assay  systems  are  developed. 

Dr.  Milner  studies  the  ultrastructural  basis  for  transmitter  interactions  in  (  1 )  the 
septo-hippocampal  pathway  involved  in  learning  and  memory;  and  (  2 )  brainstem  and 
spinal  cord  nuclei  associated  with  cardiovascular  regulation.  Both  studies  utilize  ei- 
ther dual  labeling  immunocytochemical  techniques  or  immunocytochemical  meth- 
ods combined  with  tract-tracing  techniques  at  the  electron  microscopic  level  of 
analysis.  The  major  transmitters  of  interest  include  catecholamines,  acetylcholine, 
opioids,  and  somatostatin. 

Dr.  Okamoto  researches  neuropharmacology  bases  of  the  drug  dependence  pro- 
duced by  centrally  acting  drugs  in  adults  and  neonates  exposed  to  drugs  during  their 
fetal  period.  Central  nervous  depressant  drugs,  i.e.  alcohol,  barbiturates  and  benzodi- 
azapines  have  been  her  major  interest.  Electrophysiologic,  neurochemical  and  behav- 
ioral effects  are  studied  during  acute  and  chronic  drug  treatment:  functional  and  cel- 
lular mechanisms  for  the  tolerance  and  dependence  production  are  investigated: 
chronic  effects  of  these  drugs  are  studied  on  developing  synapses  and  on  the  matura- 
tion of  the  nervous  system. 
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Dr.  Pasternak  examines  the  molecular  pharmacology  of  centrally  active  analge- 
sics. Work  in  the  laboratory  currently  is  focused  upon  the  biochemical  and  pharma- 
cological characterization  of  the  various  opiate  receptor  subtypes.  One  goal  of  the 
laboratory  includes  examining  membrane-bound  and  affinity-purified  receptors  and 
their  potential  coupling  with  effector  systems.  Another  is  the  correlation  of  the  var- 
ious subtypes  with  specific  opiate  actions  in  vivo.  Finally,  the  anatomical  localization 
of  these  sites  within  the  central  nervous  system  is  studied  with  quantitative  autora- 
diography. Many  of  these  approaches  have  utilized  a  series  of  opiate  affinity  labels  de- 
veloped within  the  laboratory. 

Dr.  Petito  studies  neuronal-glial  interactions  following  experimental  cerebral  is- 
chemia, using  immunohistochemistry,  electron  microscopy  and  in  situ  hybridization 
techniques.  A  second  major  research  interest  concerns  the  pathogenesis  of  CNS  dam- 
age due  to  HIV  infection  and  using  similar  methodologies. 

Dr.  Picket's  current  and  projected  research  uses  immunocytochemical  and  mo- 
lecular probes  to  examine  the  cellular  substrates  involved  in  ( 1 )  automatic  regula- 
tion and  fluid  homeostasis,  ( 2)  normal  and  abnormal  movement,  and  (3)  the  reward- 
ing properties  of  opiates  and  other  drugs  of  abuse.  Emphasis  is  on  studying 
interactions  between  central  catecholaminergic  (noradrenergic,  adrenergic  and  do- 
paminergic) neurons  and  neurons  containing  other  putative  transmitters  such  as  ace- 
tylcholine, CiABA,  and  opioid  or  other  endogenous  peptides. 

Dr.  Plum,  Chairman  of  the  Department  of  Neurology  and  Neuroscience,  focuses 
his  research  efforts  on  cerebral  metabolism  in  disease  states  and  the  identification  of 
cellular-subcellular  mechanisms  responsible  for  ischemic  cell  death. 

Dr.  Posner  is  interested  in  the  identification  and  characterization  of  "onconeural" 
antigens  shared  by  the  central  nervous  system  and  certain  tumors  and  identified  by 
antibodies  in  the  serum  of  patients  with  neurological  paraneoplastic  disorders. 

Dr.  Pulsinelli  studies  the  cellular  and  molecular  mechanisms  of  ischemic  injury 
to  brain  neurons  and  glia.  Techniques  used  in  these  studies  include  in  vivo  and  in  vi- 
tro (tissue  culture)  models  of  ischemic  injury  to  brain  cells,  radioisotopic  measure- 
ments of  cerebral  blood  flow  and  glucose  metabolism,  fluorometric  measurements  of 
high  energy  organic  metabolites,  analysis  of  phosphorylation  of  brain  proteins,  and 
light  and  electron  microscopic  studies  of  cell  injury. 

Dr.  Reis'  research  interests  are  the  central  neural  and  neurochemical  mecha- 
nisms governing  control  of  the  autonomic  nervous  system,  cerebral  blood  flow  and 
metabolism.  His  research  also  includes  mechanisms  governing  the  death  of  brain  neu- 
rons in  response  to  aging  and  injury. 

Dr.  Ruggiero  investigates  anatomical  and  neurochemical  pathways  in  brain  which 
maintain  normal  resting  levels  of  arterial  blood  pressure;  neural  substrates  of  the  bar- 
oreceptor  reflex;  pathways  underlying  the  cerebellar  regulation  of  autonomic  activi- 
ties and  cerebral  blood  flow;  areas  of  autonomic  representation  in  cerebral  cortex 
and  brainstem  reticular  formation;  adrenaline  synthesizing  neurons,  their  pathways  in 
the  central  nervous  system;  their  role  in  cardiopulmonary  regulation;  and  afferent 
(pain)  neurotransmission. 

Dr.  Secbzer's  research  interests  include  early  development,  behavioral  toxicol- 
ogy, neural  mechanisms  of  memory  and  learning,  and  neurosensory  perception.  Her 
current  activities  include:  ( 1 )  The  effect  of  lithium  chloride  on  maternal  behavior  and 
early  development;  (2)  Olfactory  and  gustatory  perception  in  depression;  (3)  Bioethi- 
cal  issues  concerning  the  use  of  animals  in  research  and  education. 
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Dr.  Smith  focuses  on  the  behavioral  neuroscience  of  eating  and  its  disorders. 
Current  experiments  include  the  measurement  of  central  monoamines  during  eating 
behavior,  the  role  of  gut  peptides,  such  as  cholecystokinin,  to  stop  eating,  animal 
models  of  eating  disorders  using  genetic  and  sham  feeding  rats,  and  the  experimental 
analysis  of  taste  and  eating  in  human  patients  with  various  types  of  eating  disorders. 

Dr.  Stokes  is  interested  in  neuroendocrine  function  in  affective  disease.  Measure- 
ments of  hypothalamic-pituitary-adrenocortical  (HPA)  function  at  various  levels  of 
this  axis  are  obtained  in  patients  with  depression  vs.  healthy  normal  controls  and  pa- 
tients with  other  psychiatric  diagnoses.  Current  specific  interests  include:  response 
of  the  HPA  system  to  administration  of  CRF,  ACTH,  dexamethasone  and  adreno- 
cortical steroid  blockers,  pharmacokinetics  of  dexamethasone,  measurement  of  mul- 
tiple adrenal  steroids,  investigation  of  the  relationship  between  HPA  function  and  bio- 
genic amine  and  sympathetic  nervous  system  activity.  A  second  area  of  interest  is  the 
investigation  of  lithium  pharmacokinetics  and  the  pharmacology-toxicology  of  lith- 
ium isotopes  in  animals  and  humans. 

Dr.  Townes -Anderson  examines  the  cell  biology  of  retinal  neurons.  Currently, 
cells  isolated  from  the  adult  vertebrate  retina  are  used  in  vitro  to  address  questions 
concerning  synaptic  function  and  plasticity.  Membrane  recycling  at  the  photorecep- 
tor synapse  is  being  examined  with  morphological  techniques  including  rapid  freez- 
ing and  electron  microscopy.  Localization  of  neurotransmitter  receptors  is  performed 
on  isolated  second  and  third  order  neurons.  And  regeneration  of  functional  synapses 
is  being  investigated  in  cultures  of  adult  nerve  cells. 

Dr.  Victor  studies  visual  processing  at  retinal  and  cortical  levels.  Research  tech- 
niques include  single-unit  recording,  evoked  potentials,  psychophysics,  and  mathe- 
matical modeling.  Other  research  interests  include  novel  approaches  to  nonlinear 
systems  analysis  and  signal  processing  as  applied  to  neural  systems. 

Dr.  Volpe  investigates  the  neuroanatomy  and  functional  outcome  in  animal  mod- 
els of  selective  neuronal  injury  and  aging.  Techniques  used  include  immunohisto- 
chemistry  in  situ  hybridization,  instrumental  and  classical  conditioning. 

Dr.  Wagner's  laboratory  focuses  on  the  application  of  biochemistry,  genetics  and 
molecular  biology  to  understanding  the  effects  of  peptide  growth  factors  and  other 
signaling  molecules  during  normal  and  pathological  neural  development  as  well  as  in 
response  to  injury. 

Dr.  Wahlestedfs  interests  center  on  neurotransmission  and  associated  intracellu- 
lar signal  transduction.  Research  projects  include  (  1 )  molecular  cloning  of  neuro- 
transmitter receptors;  (2)  characterization  of  a  novel  cellular  pathway  involved  in 
Ca2  +  signaling;  and  (  3  )  effects  of  psychostimulants  on  brain  neuropeptide  stems.  Clin- 
ical collaborations  concern  hypertension  and  affective  disorders. 
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Research  Activities 

Dr.  Bertino  is  interested  in  the  transfer  of  drug  resistant  genes  into  hemato- 
poietic cells:  Both  electroporation  and  viral  vectors  have  been  studied  as  methods  of 
introducing  drug  resistant  genes  into  mammalian  cells  in  culture,  and  into  bone  mar- 
row cells.  The  aim  is  to  produce  long-term  expression  of  drug  resistant  genes  in  he- 
matopoietic stem  cells.  Both  in  vitro  (CFUC  )  and  in  vivo  (CFUS)  studies  are  being  pur- 
sued in  mice.  The  purpose  of  these  studies  is  to  produce  drug  resistance  of  marrow 
stem  cells,  thus  allowing  larger  doses  of  the  desired  drug  to  be  utilized  for  therapy. 

Site  specific  mutagenesis  of  the  dihydrofolate  reductase  gene:  The  purpose  of 
these  studies  is  to  better  understand  the  effects  of  specific  amino  acid  substitutions 
on  substrate  and  inhibitor  binding,  and  to  develop  an  altered  enzyme  with  a  de- 
creased affinity  for  methotrexate,  but  with  good  catalytic  activity  for  gene  transfer 
studies. 

Mechanisms  of  natural  and  acquired  resistance  to  folate  antagonists  and  fluoro- 
pyrimidines:  Human  tumor  cell  lines  and  fresh  human  tumor  samples  (sarcoma,  leu- 
kemia, colon  cancer)  are  studied  to  determine  mechanisms  of  resistance  to  these 
drugs.  Sensitive  assays  to  determine  the  molecular  basis  of  drug  resistance,  including 
gene  amplification,  gene  mutations,  and  transport  and/or  defects  in  drug  catabolism 
have  been  developed. 

Dr.  Chan  is  interested  in  the  functions  and  interactions  of  prostaglandins  and 
neurohypophysial  peptides  in  the  kidney  and  the  uterus.  Current  research  covers  in- 
vestigative studies  from  subcellular  levels  to  the  whole  organism.  Certain  analogs  of 
oxytocin  and  vasopressin  have  been  found  to  stimulate  urinary  sodium  and  water  ex- 
cretion. This  renal  effect  of  the  peptide  appears  to  be  mediated  by  renal  prostaglan- 
din release.  The  biochemical  mechanisms  of  this  peptide-induced  prostaglandin  re- 
lease is  the  principal  concern  of  our  research.  Also  studied  are  the  renal  activities  of 
peptide  analogs  specifically  synthesized  for  the  project  with  the  aim  to  discover  spe- 
cific prostaglandin-releasing  and/or  anti-vasopressin  (anti-ADH  )  peptides  that  may  be 
useful  for  the  treatment  of  renal  hypertension. 
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In  the  uterus,  the  roles  of  prostaglandins  and  oxytocin  in  the  regulation  of  uter- 
ine contractions  and  termination  of  pregnancy  are  investigated.  This  research  seeks 
an  understanding  of  the  mechanism  of  initiation  of  labor,  especially  relating  to  pre- 
term labor.  Oxytocin-receptor  and  gap-junction  formations  in  myometrial  cells  are 
important  biochemical  and  morphological  markers  in  the  initiation  of  labor.  Accord- 
ingly, a  study  is  made  of  the  effects  of  prostaglandins  and  oxytocin  on  the  density  of 
oxytocin-receptors  and  on  the  formation  of  gap-junctions  in  myometrial  cells.  Highly 
potent  oxytocin  antagonists  have  been  synthesized  for  this  project  and  their  applica- 
tion in  the  prevention  of  preterm  labor  in  the  pregnant  rat  model  will  be  investigated. 
Also  studied  are  the  physiological  roles  of  ovarian  oxytocin  and  uterine  prostaglan- 
dins in  the  function  of  the  corpus  luteum,  as  well  as  the  potential  of  intervention  of 
this  ovarian-utero  axis  in  the  regulation  of  fertility  or  as  causal  factor  in  abortion. 

Dr.  Chou's  research  activity  includes  three  areas:  1 )  Developmental  therapeutics 
of  new  antitumor  and  antiviral  agents  using  synthetic  compounds  and  plant  products; 
2)  Biochemical  studies  on  selected  compounds  at  molecular  level  with  the  aims  of 
elucidating  mechanism  of  action,  selectivity  of  effect  or  the  development  of  drug  re- 
sistance and  cross-resistance,  and  3 )  Theoretical  biology  of  deriving  generalized 
equations  based  on  the  principle  of  mass-action  law  for  dose-effect  analysis,  receptor 
topological  analysis,  and  the  quantitation  of  multiple  drug  interactions  in  terms  of 
synergism  and  antagonism.  In  the  first  area,  we  have  recently  conducted  preclinical 
pharmacological  studies  on  acridone  alkaloids  such  as  glyfoline  as  an  anticancer  agent 
and  on  3 '-fluoro- 3 '-deoxy thymidine  ( FLT)  as  anti-AIDS  agent.  The  latter  has  entered 
clinical  trials.  In  the  second  area,  we  have  studied  DNA  intercalators,  such  as  chry- 
sophanol  and  acridine  derivatives,  as  inhibitors  of  DNA  topoisomerase  type  II.  We  ex- 
amined topoisomerase  II  mediated-drug  induced  DNA  cleavages  and  the  inhibition  of 
topoisomerase  by  measuring  the  relaxation  of  supercoiled  DNA,  decatenation  of  kine- 
toplast  DNA  and  the  stabilization  of  cleavable  complex.  Monofunctional  and/or  bi- 
functional  chloroethyl  alkylating  groups  have  been  added  to  some  of  these  com- 
pounds for  active  site  and  binding  site  studies.  In  the  third  area,  the  median-effect 
equation  and  the  multiple  drug-effect  equation  for  isobologram  and  FA-CI  plot  have 
been  derived  and  computer  software  for  IBM-pc  and  Apple  microcomputers  have 
been  developed  for  automated  data  analysis.  The  method  has  been  applied  in  various 
drug  combination  studies  for  anticancer  agents,  antiviral  agents  (anti-HIV,  anti-HSV, 
etc. )  and  for  immunosuppressants  in  organ  transplantation. 

Dr.  Felsen  is  interested  in  the  role  of  arachidonic  acid  metabolites  ( AAMs;  prosta- 
glandins, leukotrienes  and  hydroxy  acids)  and  other  mediators  of  inflammation  (e.g., 
cytokines,  including  tumor  necrosis  factor  and  interleukins,  and  platelet-activating 
factor)  in  renal  and  urinary  tract  function.  The  role  of  these  compounds  both  in  vivo 
and  in  vitro  is  studied  using  a  variety  of  techniques.  In  obstructive  uropathy  renal 
function  is  assessed  through  measurements  of  renal  blood  flow,  glomerular  filtration 
rate,  sodium,  potassium  and  water  excretion  and  other  parameters.  In  vitro,  cell  cul- 
ture and  molecular  biological  techniques  are  used  to  assess  renal  mediator  synthesis. 
Likewise,  samples  of  patients  with  interstitial  cystitis  (a  chronic  bladder  disease)  are 
examined  for  inflammatory  mediators  in  an  attempt  to  both  better  define  this  disease 
and  to  uncover  new  treatments  for  it. 

Dr.  Griffith's  research  involves  the  design,  synthesis  and  utilization  in  vivo  of  en- 
zyme selective  inhibitors  and  substrates.  These  compounds  are  used  both  to  evaluate 
and  to  control  the  metabolite  flux  through  various  pathways  in  intact  animals.  Recent 
studies  have  focused  on  the  manipulation  of  glutathione  and  cysteine  metabolism. 
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Enzyme-selective  inhibitors  were  developed  that  allow  both  glutathione  biosynthesis 
and  utilization  to  be  blocked;  techniques  allowing  extracellular  cystine  formation  to 
be  controlled  were  also  developed.  The  inhibitors  were  shown  to  be  useful  in  treat- 
ing animal  trypanosomiasis,  enhancing  oxidative  killing  of  tumor  cells,  and  prevent- 
ing the  formation  of  leukotriene  C.  In  other  studies,  novel  carnitine  analogs  were 
synthesized  as  inhibitors  of  carnitine  palmitoyltransferase  and  were  shown  to  block 
long-chain  fatty  acid  oxidation  in  vivo.  In  mice  with  diabetes,  a  disorder  character- 
ized by  underutilization  of  glucose  and  overutilization  of  fats,  these  compounds  pre- 
vent ketoacidosis  and  restore  normal  blood  glucose  levels.  Studies  are  continuing  in 
which  carnitine  analogs  are  used  to  probe  the  regulatory  interactions  between  carbo- 
hydrate and  fatty  acid  metabolism.  Studies  of  nitric  oxide  synthesis  have  been  initi- 
ated in  collaboration  with  Drs.  Levi  and  Gross. 

Dr.  Gross'  research  focuses  on  nitric  oxide,  a  newly  discovered  signalling  mole- 
cule whose  function  is  just  beginning  to  be  elucidated.  Principal  among  the  known 
actions  of  nitric  oxide  is  its  key  role  in  vascular  homeostasis  and  blood  pressure  regu- 
lation, mediation  of  cytotoxic  and  cytostatic  effects  of  certain  cells  of  the  immune 
system  and  function  as  a  chemical  transmitter/second  messenger  in  the  brain.  Defi- 
cient production  of  nitric  oxide  (also  known  as  endothelium-derived  relaxing  factor; 
EDRF)  by  the  vascular  endothelium  has  been  implicated  in  hypertension,  atheroscle- 
rosis and  diabetes.  On  the  other  hand,  overproduction  of  nitric  oxide  may  be  respon- 
sible for  the  hypotension  which  occurs  during  bacterial  sepsis  and  in  response  to  the 
chemotherapeutic  use  of  cytokines.  The  emphasis  of  Dr.  Gross'  research  is  to  reveal 
biochemical  mechanism(s)  of  nitric  oxide  synthesis,  regulation  and  actions  in  physiol- 
ogy and  disease. 

Dr.  Gudas'  laboratory  has  several  long-term  research  aims.  One  major  goal  is  to 
learn  about  the  regulation  of  gene  expression  during  mammalian  cell  differentiation, 
while  another  is  to  understand  the  mechanism  by  which  vitamin  A  and  its  derivatives 
(retinoids)  control  both  cellular  differentiation  and  cellular  proliferation.  Retinoids 
exert  effects  on  cell  differentiation,  pattern  formation  in  development,  limb  regenera- 
tion, and  the  inhibition  of  the  process  of  tumor  formation.  As  a  model  differentiation 
system,  the  retinoic  acid  induced  differentiation  of  murine  teratocarcinoma  stem 
cells  is  being  studied;  these  stem  cells  are  similar  in  many  respects  to  the  pluripotent 
inner  cell  mass  cells  of  the  mouse  blastocyst.  The  teratocarcinoma  stem  cells  differen- 
tiate into  an  epithelial  cell  type  called  parietal  endoderm  when  they  are  treated  with 
retinoic  acid.  A  number  of  genes  which  are  expressed  at  different  times  during  this 
differentiation  process  have  been  cloned.  Currently  the  structures  of  these  genes  is 
being  determined,  including  the  sequences  of  their  promoters,  in  order  to  understand 
how  their  expression  is  regulated  during  differentiation.  The  actions  of  the  nuclear 
receptors  for  retinoic  acid,  retinoic  acid  receptors  a,  p  and  y,  are  being  elucidated,  as 
is  the  mechanism  by  which  cyclic  AMP  can  enhance  the  action  of  retinoids  in  this  sys- 
tem. Finally  since  the  teratocarcinoma  stem  cells  resemble  pluripotent  cells  of  the 
early  mouse  embryo,  the  expression  of  the  teratocarcinoma  differentiation  related 
genes  in  early  mouse  embryos  and  in  early  Xenofms  embryos  are  being  analyzed. 

Dr.  Inturrisfs  research  activities  are  directed  toward  understanding  the  bio- 
chemical basis  of  the  pharmacodynamic  effects  of  opioids.  In  laboratory  animals  stud- 
ies utilizing  molecular  probes  are  aimed  at  denning  the  factors  that  regulate  opioid 
peptide  gene  expression,  biosynthesis  and  release  so  as  to  establish  the  relationships 
between  treatments  that  alter  opioid  peptides  and  their  mRNAs  and  the  functions 
(e.g.,  analgesia )  of  the  endogenous  opioid  peptides.  Clinical  studies  are  aimed  at  de- 
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veloping  pharmacokinetic-pharmacodynamic  models  from  patient  data  that  can  be 
used  to  improve  analgesic  therapy  and  provide  insight  into  the  quantitative  aspects  of 
the  development  of  tolerance  to  opioids  in  these  patients.  The  ultimate  goal  of  these 
studies  is  a  more  precise  definition  of  the  interrelationship  between  the  exogenous 
and  endogenous  pain  modulating  systems. 

Immune  hypersensitivity  reactions  are  often  associated  with  severe  cardiovascu- 
lar dysfunction.  The  long-term  goal  of  Dr.  Left's  research  has  been  to  provide  an  un- 
derstanding of  the  immunopharmacologic  mechanisms  responsible  for  the  epidemio- 
logically  demonstrated  association  between  IgE  serum  levels  and  cardiovascular 
disease. 

His  laboratory  is  presently  characterizing  a  recently  discovered  endothelial  dys- 
function. Following  immediate  hypersensitivity  reactions,  arteries  become  grossly 
defective  in  their  response  to  endothelium-dependent  vasodilators  and  hyperrespon- 
sive  to  vasoconstrictors.  The  laboratory  is  therefore  assessing  the  involvement  of  en- 
dothelium-derived  relaxing  factor  ( EDRF)  ( identified  as  nitric  oxide,  NO )  in  these  re- 
actions in  various  vessels,  coronary  included. 

Histamine,  released  by  many  common  non-immunologic  stimuli  and  in  myocar- 
dial ischemia,  is  predominantly  a  vasodilator,  but  becomes  a  potent  local  constrictor 
at  coronary  vessel  sites  affected  by  atherosclerosis.  New  pharmacologic  tools  are  now 
available  to  assess  the  biology  of  EDRF/NO;  e.g.,  L-N  -methylarginine.  Thus  the  labora- 
tory is  determining  FDRF  release  from  the  heart,  its  contribution  to  histamine's  ef- 
fects on  the  coronary  vessels,  and  the  conditions  and  agents  which  may  modulate  the 
production,  lifetime  and  vasodilating  potency  of  histamine-released  EDRF  Because 
histamine  is  released  in  myocardial  ischemia,  it  is  conceivable  that  dysfunctions  of 
the  EDRF  system  could  precipitate  histamine-induced  coronary  spasm  leading  to  myo- 
cardial infarction,  arrhythmias  and  sudden  cardiac  death. 

Dr.  Mendelsohn's  laboratory  is  studying  the  epidermal  growth  factor  (EGF)  re- 
ceptor from  a  number  of  points  of  view.  (  1 )  Exogenous  and  endogenous  agents  that 
control  autophosphorylation  of  the  EGF  receptor  are  being  investigated.  These  in- 
clude EGF  and  TGF-a,  as  well  as  regulators  of  protein  kinase  C,  activated  receptors  for 
other  growth  factors,  and  phosphatases.  (  2  )  The  interactions  between  endogenous 
growth  factors  (autocrine  loops)  and  other  agents  that  promote  or  inhibit  cell  prolif- 
eration, including  TGF-fJ  and  the  interferons  are  being  explored.  (3)  The  laboratory 
has  produced  anti-EGF  receptor  monoclonal  antibodies  that  inhibit  EGF  and  TGF-a 
binding  and  block  receptor  activation.  These  are  utilized  in  the  above  biologic  exper- 
iments, and  preclinical  studies  and  clinical  trials  in  patients  are  being  carried  out,  ex- 
ploring the  capacity  of  antireceptor  antibodies  to  act  as  antitumor  agents.  Conjugates 
of  antireceptor  antibodies  with  cytotoxic  agents  and  radionuclides  are  under  investi- 
gation in  human  tumor  xenograft  model  systems. 

Dr.  Okamoto  studies  the  neuropharmacology  bases  of  the  drug  dependence  pro- 
duced by  centrally  acting  drugs  in  adults  and  neonates  exposed  to  drugs  during  their 
fetal  period.  Central  nervous  depressant  drugs,  i.e.  alcohol,  barbiturates  and  benzodi- 
azepines have  been  her  major  interest. 

Electrophysiologic,  neurochemical  and  behavioral  effects  are  studied  during 
acute  and  chronic  drug  treatment:  functional  and  cellular  mechanisms  for  the  toler- 
ance and  dependence  production  are  investigated:  chronic  effects  of  these  drugs  are 
studied  on  developing  synapses  and  on  the  maturation  of  the  nervous  system. 

Dr.  Pasternak  studies  the  biochemical  and  pharmacological  properties  of  various 
subclasses  of  opiate  receptors  within  the  central  nervous  system.  Molecular  ap- 
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proaches  include  binding  studies  and  affinity  labeling  of  receptors  using  a  series 
of  irreversible  opiate  agonists  and  antagonists  developed  and  synthesized  in  this  labo- 
ratory Computerized  quantitative  autoradiographic  studies  are  aimed  at  the  distribu- 
tion of  the  various  subtypes  of  receptors,  complementing  the  biochemical  studies.  In 
addition  to  these  molecular  studies,  the  biochemically  denned  binding  subtypes  are 
correlated  with  specific  opiate  actions,  including  analgesia,  respiratory  depression, 
gastrointestinal  motility  and  hormone  modulation,  using  classical  pharmacological 
techniques.  Again,  the  selective  affinity  labels  developed  in  this  laboratory  have 
proven  invaluable  in  these  studies. 

Dr.  Prochaska's  major  research  interests  are  geared  toward  the  design  of  phar- 
macological strategies  for  preventing  cancer  in  man.  It  is  well  recognized  that  many 
compounds  are  capable  of  blocking  the  toxic  and  neoplastic  effects  of  carcinogens; 
moreover,  these  compounds  and  their  naturally-occurring  congeners  may  play  an  im- 
portant role  in  the  relationship  of  diet  to  cancer.  Many  diverse  anticarcinogens  induce 
Phase  II  enzymes  and  such  an  induction  is  now  accepted  to  be  a  major  mechanism  for 
cancer  prevention.  The  laboratory  will  try  to  better  elucidate  the  molecular  mecha- 
nisms for  Phase  II  enzyme  induction  so  that  more  potent  and  non-toxic  compounds 
can  be  designed.  An  additional  goal  is  to  develop  animal  models  that  reflect  human 
populations  which  are  particularly  prone  to  develop  malignancy  so  that  the  validity 
of  cancer  chemoprevention  in  man  can  be  demonstrated. 

Dr.  Reidenberg  pursues  a  fundamental  question  in  clinical  pharmacology,  "Why 
do  different  people  react  differently  to  the  same  dose  of  the  same  medicine?"  His  pro- 
gram in  clinical  pharmacology  addresses  this  question  in  several  different  ways.  Cur- 
rently, he  is  studying  the  clinical  pharmacology  of  gossypol  and  other  bioflavinoids. 
This  is  related  to  development  of  gossypol  as  a  male  oral  contraceptive  and  the  prob- 
lem of  hypokalemia  in  some  men  taking  this  drug.  A  clinical  trial  of  high  dose  gossy- 
pol currently  going  on  to  study  the  clinical  pharmacology  of  it  in  patients  with  ad- 
vanced cancer  has  produced  a  response  in  3  of  16  evaluable  patients.  Studies  of 
gossypol  actions  and  studies  relating  gossypol  levels  to  effects  in  both  cancer  patients 
and  men  desiring  contraceptive  therapy  are  also  ongoing. 

The  other  area  of  interest,  drugs  in  the  elderly,  is  currently  being  pursued  by 
studies  of  the  clinical  pharmacology  of  mitochondria.  These  studies  include  in  vitro 
studies  of  isolated  mitochondria  as  well  as  studies  in  patients. 

Dr.  Rijkind's  interest  in  environmental  toxicology  has  led  to  the  investigation  of 
the  biochemical  mechanisms  of  polychlorinated  biphenyl  (PCB)  and  dioxin  toxicity. 
These  compounds  bind  to  a  cytosolic  receptor  (Ah  receptor)  which  controls  the 
expression  of  a  group  of  gene  products  including  specific  isozymes  of  cytochrome 
P-450.  Dr.  Rifkind's  laboratory  is  studying  the  relationship  of  cytochrome  P-450  to 
the  diverse  toxic  manifestations  of  PCB  and  dioxins.  These  include  weight  loss, 
thymic  involution,  tumor  promotion,  and  cardiac  toxicity.  Her  laboratory  recently  dis- 
covered that  the  cytochrome  P-450  induced  by  toxic  PCBs  and  dioxins  increases  the 
metabolism  of  the  endogenous  membrane  fatty  acid,  arachidonic  acid,  to  epoxides 
and  monohydroxylated  products.  These  arachidonic  acid  metabolites  have  biologic 
activities  consistent  with  involvement  in  PCB  and  dioxin  toxicity.  Current  studies  fo- 
cus on  (  1 )  the  role  of  arachidonic  acid  metabolism  in  PCB  and  dioxin  toxicity  and  (2) 
the  effects  of  dioxin  induced  changes  in  arachidonic  acid  metabolism  on  signal  trans- 
duction pathways  in  heart  and  liver. 

Dr.  Roepe's  research  is  focused  on  obtaining  a  molecular-level  understanding  of 
the  structure  and  function  of  adenosine  triphosphate  ( ATP ) — coupled  active  trans- 
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port  systems,  particularly  multidrug  efflux  pumps  ( MDR  proteins )  and  their  relatives 
A  promising  new  biophysical  technique  developed  in  recent  years  for  the  study  of  bi- 
ological membranes  and  membrane  proteins  is  Fourier  transform  infared  (FTIR  )  spec 
troscopy.  FHR  studies  of  light-activated  membrane  proteins  during  the  past  several 
years  have  demonstrated  that  high  quality  dynamic  information  at  the  single  bond 
level  is  attainable  for  membrane  protein-mediated  enzymatic  processes.  It  is  therefore- 
possible  to  delineate  key  molecular  events,  including  those  at  the  single  bond  level,  in 
other  membrane  proteins  and  receptors.  A  key  drawback  to  these  studies  is  the  in- 
ability to  isolate  large  quantities  to  membrane  proteins  in  a  form  amenable  to  spec- 
troscopy ( i.e.  substantially  delipidated  yet  functional ).  Thus,  another  major  activity  of 
our  laboratory  is  the  investigation  of  overexpression  and  reconstitution  methods. 
One  approach  in  particular  has  recently  shown  some  promise  for  polytopic  integral 
membrane  proteins,  and  is  currently  being  used  in  the  large  scale  isolation  of  MDR 
proteins  for  biophysical  studies. 

Dr.  Scheinberg  evaluates  immunologic  approaches  to  the  study  and  therapy  of 
human  leukemia  and  lymphoma.  The  overall  goals  of  the  Hematopoietic  Cancer  Im- 
munochemistry  laboratory  are  to  identify  and  understand  the  functions  of  specific 
cell  surface  molecules  on  normal  and  neoplastic  hematopoietic  cells  and,  if  possible, 
to  use  these  molecules  as  targets  for  immunotherapy.  This  includes  identification  of 
cell  surface  targets,  development  of  new  immunotherapeutic  agents  and  phase  1 
study  of  these  new  agents  in  patients  at  Memorial  Hospital  with  an  emphasis  on  the 
use  of  monoclonal  antibodies  ( mAb )  as  pharmacologic  agents  for  therapy  of  leukemia 
and  lymphoma.  MAb  may  be  used  pharmacologically  as  carriers  of  potent  toxins  or 
isotopes  specifically  to  tumor  cells,  as  direct  mediators  of  immune  cell  killing  via 
complement  or  as  regulators  of  growth  via  cell  surface  receptors.  Three  of  our  proj- 
ects focus  on  applying  these  approaches  to  the  therapy  of  human  leukemia  and  lym- 
phomas and  one  project  seeks  to  identify  novel  new  targets  for  immunotherapeutics. 
Currently  being  studied  are:  ( 1 )  M 195,  an  mAb  to  CD33,  which  is  restricted  to  early 
myeloid  progenitors  and  acute  myeloid  leukemia  (AM L)  cells;  this  mAb  is  active  in  the 
treatment  of  AML;  (2)JD118,  a  cytotoxic  mAb,  reactive  with  a  B-cell  activation  anti- 
gen and  OKB7  mAb  reactive  with  B  cell  lymphomas  and  leukemias;  (3)  MAbJD12,  re- 
active with  HLA-A,  which  blocks  T-cell  proliferation;  ( 4 )  the  role  of  glycosphingolip- 
ids  in  B  cell  differentiation  and  neoplasia. 

Dr.  Scotto's  laboratory  is  interested  in  the  role  that  transcriptional  regulation 
plays  in  the  development  and  maintenance  of  the  multidrug  resistance  (MDR)  pheno- 
type.  In  multidrug  resistance,  which  is  observed  both  clinically  and  in  tissue  culture, 
cells  that  are  challenged  with  vinca  alkaloids,  actinomycin  D  or  anthracycline  anti- 
neoplastic agents  develop  resistance  not  only  to  the  selective  agent  but  also  to  a 
broad  spectrum  of  functionally  and  structurally  unrelated  compounds.  This  resist- 
ance is  primarily  mediated  by  the  overexpression  of  a  plasma  membrane  protein, 
P-glycoprotein,  which  acts  as  a  drug  efflux  pump.  The  regulation  of  the  P-glycopro- 
tein  genes  in  human,  hamster,  mouse  and  yeast  is  being  investigated  with  respect  to 
1 )  the  DNA  (cis)  elements  and  protein  ( trans )  factors  involved  in  the  altered  transcrip- 
tion of  this  gene  in  drug-resistant  cells;  2  )  the  modulation  of  P-glycoprotein  gene 
expression  during  differentiation  of  secretory  cells;  3 )  the  contribution  of  post-tran- 
scriptional  and  post-translational  modifications  to  the  MDR  phenotype. 

Dr.  Sirotnak's  research  focuses  on  (  1 )  molecular  targets  and  other  cellular  bio- 
chemical determinants  important  to  selective  antitumor  action  of  various  categories 
of  cytotoxic  antimetabolites;  ( 2 )  cytoplasmic  membrane  transport  of  pharmacologic 
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agents;  (3)  molecular  mechanisms  of  acquired  resistance  of  tumor  cells  to  antineo- 
plastic agents;  and  (4)  the  regulation  of  folate  and  nucleoside  transporter  gene 
expression. 

Folates  play  a  crucial  role  in  the  biosynthesis  of  macromolecules.  Access  of  tumor 
cells  to  exogenous  plasma  folate  is  made  possible  by  the  existence  in  the  cytoplasmic 
membrane  of  a  specific  high-affinity  transport  system.  Using  c-DNA  probes,  the  ge- 
netic regulation  and  molecular  biology  of  this  system  are  now  being  examined  in 
models  which  constitutively  over-produce  or  under  produce  the  transport  protein 
and  during  induction  of  tumor  cells  to  terminal  maturation. 

Folate  and  nucleoside  analogs  effectively  accumulate  in  tumor  cells  via  plasma 
membrane  systems  normally  transporting  natural  folates  and  nucleosides.  To  under- 
stand the  selective  antitumor  action  of  folate  and  nucleoside  analogs,  studies  are 
being  conducted  of  the  properties  and  multiplicity  of  their  cellular  membrane  trans- 
port, their  interaction  with  enzymic  and  macromolecular  targets,  their  intracellular 
metabolic  disposition  and  their  pharmacokinetic  behavior.  Mechanisms  of  acquired 
resistance  in  tumor  cells  to  these  antimetabolites  and  other  cytoxic  agents  at  the 
level  of  their  cellular  membrane  transport  metabolic  disposition  and  enzymic  targets 
are  also  studied. 

Dr.  Szeto's  research  focuses  on  1 )  maternal-fetal  pharmacology  of  various  drugs 
of  abuse;  2)  development  of  opiate  compounds  for  analgesic  use  during  pregnancy 
that  would  have  minimal  adverse  effects  on  the  fetus  and  newborn;  and  3)  identifica- 
tion of  selective  opiate  agonists  and  antagonists  that  may  be  beneficial  in  the  treat- 
ment of  infant  apnea.  Currently  being  investigated  are  the  pharmacokinetics  and 
pharmacodynamic  actions  of  several  opiates,  nicotine  and  marijuana  on  neurobehav- 
ioral,  cardiorespiratory  and  metabolic  function  in  the  developing  fetus.  These  studies 
utilize  invasive  surgical  techniques  which  permit  direct  assessment  of  fetal  drug  ex- 
posure as  well  as  continuous  monitoring  of  various  fetal  and  placental  parameters  in 
unanesthesized  sheep  at  different  stages  of  gestation.  The  sites  and  mechanisms  of  ac- 
tion of  these  compounds  can  be  ascertained  using  selective  routes  of  drug  adminis- 
tration to  the  fetus,  and  specific  receptor  agonists  and  antagonists.  The  laboratory's 
efforts  in  the  development  of  obstetrical  analgesic  agents  are  based  on  the  design  of 
hydrophilic  opiate  compounds  that  would  have  restricted  access  to  the  fetus,  as  well 
as  identifying  opiate  receptor  subtypes  that  may  have  analgesic  potential  without  sig- 
nificant actions  on  placental  perfusion  or  fetal  cardiorespiratory  function.  A  large  part 
of  the  current  research  effort  is  spent  on  studying  the  ontogenetic  development  of 
respiratory  control  and  the  role  of  endogenous  opiate  peptides  in  modulating  respira- 
tory function  in  early  development.  These  studies  are  being  carried  out  in  the  fetal 
and  neonatal  lamb,  baboon  and  human  infant.  A  specific  objective  of  this  investigation 
is  to  determine  the  effectiveness  of  selective  opiate  agonists  and  antagonists  in  en- 
hancing the  continuity  and  stability  of  the  immature  breathing  pattern  which  may  be 
beneficial  in  the  treatment  of  infant  apnea  and  the  sudden  infant  death  syndrome. 

Dr.  Watanabe  has  a  broad  interest  in  various  facets  of  organic  chemistry  and  bio- 
chemistry, especially  in  the  development  of  new  chemical  reactions  and  their  applica- 
tion to  the  design  of  novel  molecules  that  exhibit  anticancer  and/or  antiviral  activity, 
or  are  useful  in  elucidating  enzyme  reaction  mechanisms.  Many  analogues  of  nucleic 
acid  components  and  folic  acid  have  been  designed  and  synthesized  using  new  chem- 
istry developed  in  Dr.  Watanabe's  laboratory.  Some  of  these  compounds  showed  po- 
tent anticancer  or  antiviral  activity  and  underwent  clinical  studies.  More  recently, 
novel  intercalating  agents  that  bear  covalcnt  bond-forming  capability  have  been  syn- 
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thesized,  some  of  which  showed  potent  anticancer  activity  and  were  found  to  he  po- 
tent inhibitors  of  DNA  topoisomerases. 

Recently,  a  simple  DNA  synthesizer  was  constructed  in  Dr.  Watanabes  labora- 
tory, and  several  oligomers  derived  from  synthetic  nucleosides  have  been  prepared. 
The  physiochemical  and  biochemical  properties  found  have  been  unexpected 
and  intriguing.  Using  all  this  information,  Dr.  Watanabe  plans  to  design  experi- 
ments to  explain  the  complex  biological  processes  and  to  develop  more  selective 
anticancer  drugs. 
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Research  Activities 

The  Faculty  of  the  Graduate  Program  in  Physiology  and  Biophysics  offers  graduate  re- 
search training  in  a  wide  variety  of  areas  related  to  understanding  function  at  the  mo- 
lecular, cellular,  organ  and  systems  level.  The  research  interests  of  the  faculty  are  con- 
centrated among  the  following  areas:  the  structure,  function,  and  regulation  of  ion 
channels  and  other  integral  membrane  transport  proteins;  intracellular  electrolyte 
homeostasis  and  renal  function,  mechanisms  of  hormone  action,  receptor  turnover, 
and  gene  regulation;  cardiovascular  physiology  nervous  and  visual  system  function, 
development,  and  regeneration;  integrated  models  of  epithelial  and  renal  function; 
medical  physics  and  radiation  biology. 

Dr.  Andersen  is  interested  in  the  molecular  mechanisms  that  govern  membrane 
protein  structure  and  function.  This  general  problem  is  addressed  in  experiments  on 
membrane-sparring  channels.  At  present,  the  following  issues  are  under  active  investi- 
gation: how  do  the  primary  amino  acid  sequences  encode  the  conformation  of  mem- 
brane-spanning channels;  how  do  individual  amino  acid  residue  substitutions  modu- 
late; why  do  individual  channels  function  in  several  distinct  modes;  and  what  are  the 
mechanisms  by  which  the  host  bilayer  can  modulate  channel  function?  The  primary 
techniques  used  in  the  lab  include:  single-channel  and  other  electrophysiological 
measurements,  kinetic  analysis,  and  simulations. 

Dr.  Duch's  laboratory  investigates  the  molecular  interactions  which  define  and 
control  the  functions  of  ion  channels.  This  work  reconstitutes  purified  and  unpurified 
sodium  channels  from  the  electric  organ  of  the  electric  eel  and  the  human  brain  into 
planar  lipid  bilayers  in  order  to  probe  the  molecular  interactions  between  the  protein 
and  non-protein  (carbohydrate  and  lipid )  domains  of  these  channels.  These  interac- 
tions may  play  important  roles  in  regulating  channel  function.  In  a  related  project,  the 
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mechanisms  by  which  anesthetics  modify  ion  channel  function  are  being  examined 
on  a  single  channel  level.  These  experiments,  also  conducted  with  sodium  channels 
in  planar  lipid  bilayers,  are  designed  to  probe  the  intermolccular  interactions  which 
define  the  anesthetic  response. 

Dr.  Palmer's  research  focuses  on  the  mechanism  of  transepithelial  Na 4  reabsorp- 
tion  by  tight  epithelia,  and  the  control  of  this  process  by  hormones  and  other  factors. 
The  nature  of  the  transport  system  facilitating  sodium  movement  across  the  apical 
membrane  of  epithelial  cells  is  being  elucidated  using  the  toad  urinary  bladder  and 
the  mammalian  cortical  collecting  tubule  as  a  model  epithelia.  Techniques  used  in  Dr. 
Palmer's  laboratory  include:  patch-clamping,  current-voltage  analysis,  and  flux  ratio 
analysis. 

Dr.  Rayson's  research  activities  center  on  the  investigation  of  the  regulation  of 
synthesis  of  the  Na +  /K  *  -ATPase  enzyme  ( the  Na 1  pump ),  a  pivotal  enzyme  in  the  reg- 
ulation of  intracellular  electrolyte  levels.  In  addition,  the  regulation  of  the  synthesis  of 
renin,  a  principal  determinant  of  blood  pressure  and  total  body  fluid  and  electrolyte 
balance,  is  under  investigation.  Both  projects  involve  analysis  of  a  range  of  steps 
within  the  protein  synthetic  pathway,  employing  molecular  biological  technology 

Dr.  Maack's  studies  are  directed  to  the  elucidation  of  the  physiology  of  cardiovas- 
cular hormones  and  their  receptors,  as  well  as  the  organ  and  cellular  processing  of 
peptide  hormones  and  their  receptors.  In  the  past  few  years,  the  laboratory  has  been 
dedicated  to  the  study  of  a  novel  polypeptide  hormone,  atrial  natriuretic  factor  (ANF). 
Studies  in  laboratory  elucidated  the  structure  of  ANF  as  well  as  the  main  functional 
actions  of  the  hormone  on  the  kidney  and  cardiovascular  system.  More  recently,  the 
laboratory  discovered  that  a  main  class  of  ANF  receptors  in  kidney  and  vasculature  is 
involved  in  the  removal  of  ANF  from  the  circulation  and  plasma  homeostasis  of  the 
hormone.  Studies  are  presently  under  way  on  the  cellular  physiology  of  ANF  binding, 
internalization,  lysosomal  hydrolysis  and  on  the  recycling  of  ANF  receptors  in  cul- 
tured cells.  The  techniques  used  in  Dr.  Maack's  laboratory  include  studies  in  intact 
anesthetized  and  conscious  rats,  isolated  perfused  rat  kidney,  cell  culture,  receptor- 
hormone  interactions,  and  general  biochemical  and  physiological  techniques. 

Dr.  Sackin's  research  interests  have  focused  on  the  electrophysiology  of  renal 
epithelia.  Recent  work  has  utilized  the  patch  clamp  technique  to  study  single  channel 
and  whole  cell  currents  in  the  proximal  tubule  and  collecting  duct  of  the  kidney,  with 
particular  emphasis  on  the  role  of  stretch-activated  ion  channels.  These  mechanosen- 
sitive  channels  alter  their  electrical  gating  properties  as  a  function  of  membrane  ten- 
sion. They  can  act  as  microtransducers  that  convert  pressure  and  osmotic  informa- 
tion into  electrical  currents.  This  may  be  important  for  both  volume  regulation  and 
electrolyte  homeostasis,  not  only  in  renal  epithelia  but  in  other  tissues  as  well. 

Dr.  Sealey  and  her  colleagues  are  addressing  the  question  of  the  coordination  of 
the  roles  of  renin  gene  expression  in  the  kidney  and  reproductive  organs.  They  inves- 
tigate the  mechanism  whereby  tissues  that  abundantly  express  the  renin  gene  avoid 
interference  with  the  circulating  renin  system  in  which  very  low  levels  of  plasma 
renin  are  vital  for  maintenance  of  blood  pressure.  Dr.  Sealey  has  evidence  that  the 
functions  of  tissue  and  circulating  systems  are  separated  by  the  actions  of  two  differ- 
ent renins.  Active  renin  continuously  forms  angiotensin  in  the  circulation.  Prorenin, 
previously  thought  to  function  primarily  as  biosynthetic  precursor  of  renin,  has  been 
shown  to  have  its  own  renin-like  activity.  Current  research  focuses  on  the  idea  that 
prorenin  catalyzes  tissue  angiotension  formation  when  it  binds  to  a  receptor.  This  al- 
lows separation  of  the  different  effects  of  circulating  and  tissue  renin  systems.  This 
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work  may  lead  to  the  development  of  specific  pharmacologic  agents  enabling  selec- 
tive blockade  of  renin  system  at  different  target  sites. 

Dr.  Windhager's  studies  are  aimed  at  elucidating  the  mechanisms  of  ion  and  wa- 
ter movement  by  renal  epithelial  cells.  The  techniques  used  in  Dr.  Windhager's  labo- 
ratory include:  isolated  perfused  renal  tubule  segments,  intracellular  measurement  of 
ions  by  ion  selective  electrodes,  electrophysiological  techniques,  isolated  membrane 
techniques,  and  expression  of  membrane  proteins  in  Xenopus  laevis  oocytes.  Current 
work  centers  on  the  role  of  cytosolic  calcium  ions  as  regulators  of 
ion  and  water  transport  in  proximal  tubules  and  collecting  ducts  of  the  kidney. 

Dr.  Gershengorn's  laboratory  focuses  on  the  delineation  of  the  mechanism  of  sig- 
nal transduction  used  by  thyrotropin-releasing  hormone  (TRH ),  which  causes  simula- 
tion of  secretion  of  thyroid-stimulating  hormone  and  prolactin  from  the  anterior  pi- 
tuitary gland,  and  acts  as  a  neurotransmitter/neuromodulator  in  the  central  nervous 
system.  The  laboratory  has  recently  isolated  a  novel  cDNA  for  the  mouse  pituitary 
TRH  receptor,  and  identified  the  receptor  as  being  a  novel  member  of  the  family  of  G 
protein-coupled  receptors.  Current  activities  center  around  two  problems:  first  to  de- 
fine the  domains  and  the  specific  amino  acid  residues  involved  in  binding  TRH  and  in 
coupling  to  the  G  protein  using  receptor  mutants  and  chimeras  and  molecular  mod- 
elling; second,  to  delineate  the  post-transcriptional  mechanism  of  regulation  of  the 
level  of  TRH  receptor  mRNA  which  in  turn  modulates  receptor  synthesis. 

Dr.  Lee  investigates  the  mechanisms  by  which  intracellular  Ca+  + ,  Na  +  and  H  + 
are  regulated  and  the  ion  bases  underlying  changes  of  contractile  force  in  cardiac 
muscle  cells.  He  recently  demonstrated  that  the  level  of  intracellular  sodium  has  a 
profound  influence  on  the  contractile  force  of  cardiac  muscle  via  sarcolemmal  so- 
dium-calcium exchange.  Techniques  used  in  Dr.  Lee's  laboratory  include:  single  ven- 
tricular myocytes  and  isolated  cardiac  purkinje  fibers,  and  measurement  of  intracellu- 
lar ion  activities  with  ion-selective  microelectrodes  and  intracellular  ion  activities 
with  ion-selective  microelectrodes  and  fluorescent  ion  indicators. 

Dr.  Pickering's  main  area  of  research  is  concerned  with  development  of  im- 
proved methods  for  the  noninvasive  measurement  of  blood  pressure.  First,  he  is  using 
ambulatory  monitoring  techniques  to  learn  more  about  the  causes  of  blood  pressure 
variability  in  normal  and  hypertensive  subjects.  This  work  has  shown  that  most  of  the 
observed  circadian  rhythm  of  blood  pressure  can  be  accounted  for  by  changes  of  ac- 
tivity. Second,  he  is  analyzing  the  causes  and  origins  of  Korotkoff  sounds  with  a  view 
to  the  development  of  a  new  technique  for  blood  pressure  measurement. 

Dr.  Gardner's  laboratory  studies  how  neurons  use  chemical  synaptic  transmis- 
sion to  communicate  with  one  another,  and  how  networks  of  neurons  process  infor- 
mation. Recent  discoveries  identify  postsynaptic  neurons  as  specifiers  of  synaptic  effi- 
cacy, and  show  that  synaptic  strengths  of  invertebrate  neurons  resemble  those  in 
theoretical  models.  Techniques  used  by  Dr.  Gardner  include  electrophysiological 
voltage-  and  patch-clamping,  computer  data  acquisition  and  analysis,  and  comparison 
of  network  behavior  of  biological  and  computer-simulated  neural  networks. 

Dr.  Grafstein  investigates  nerve  regeneration  and  transport  of  material  in  nerve 
axons.  She  is  currently  studying  regeneration  of  goldfish  optic  nerve.  Some  of  the  con- 
clusions reached  in  recent  work  are:  phosphorylation  of  axonally  transported  pro- 
teins is  an  important  function  in  regeneration;  block  of  physiological  activity  impairs 
regeneration  by  interfering  with  axonal  transport  of  glycosylated  constituents.  Dr. 
Grafstein's  laboratory  uses  the  following  techniques,  among  others:  isotope  tracer 
studies,  electronmicroscopy  high-resolution  autoradiography  and  2-dimensional  gel 
electrophoresis. 
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Dr.  MacLeish's  research  program  focuses  primarily  on  the  functional  organiza- 
tion of  the  vertebrate  retina.  Dissociated  neurons  from  adult  amphibian  and  prime 
retinae  are  employed  to  study  the  electrical  properties  of  identified  cells  and  the 
physiological  properties  of  synapses  formed  among  the  retinal  neurons  in  vitro.  Volt- 
age-sensitive dyes  along  with  conventional  intracellular  recording  techniques  are 
used  to  measure  electrical  activity.  A  separate  area  of  study  is  the  trans-differentiation 
of  retinal  pigment  epithelium  into  neural  retina,  a  process  that  occurs  in  adult  newts 
and  salamanders.  Antibody  markers  are  being  generated  to  describe  the  regeneration 
process  in  more  molecular  terms  and  a  culture  system  is  being  refined  to  determine 
the  role  of  soluble  factors  in  regeneration. 

Dr.  Ellen  Townes- Anderson  studies  adult  neurons  of  the  vertebrate  retina.  Ques- 
tions concerning  synaptic  mechanisms  and  regeneration  of  adult  photoreceptors  and 
secondary  neurons  are  being  addressed  by  examining  isolated  cells  in  vitro.  For  in- 
stance, the  issue  of  synaptic  specifity  is  being  tested  using  retrogradely  labeled  neu- 
rons and  time  lapse  video  microscopy  to  follow  the  formation  of  synapses  between 
identified  nerve  cells  types.  Other  projects  involve  the  use  of  confocal  and  electron 
microscopy. 

Dr.  Stephenson  is  interested  in  theoretical  aspects  of  transport  in  biological  sys- 
tems. Much  of  his  recent  research  centers  on  transport  of  water  and  electrolytes  in 
epithelia  and  in  the  kidney.  One  group  of  current  studies  focuses  on  the  relation  of 
medullary  concentration  gradients  and  the  osmolality  of  final  urine  in  the  mammalian 
kidney  to  tubular  and  vascular  permeabilities,  flows,  and  architecture.  A  second  proj- 
ect is  to  develop  a  mathematical  model  of  electrolyte  transport  in  the  whole  kidney, 
which  includes  electrolytes  (Na  +  ,  K  +  ,  CI  ,  HC03",  H2P04,  H + ),  glucose  urea,  protein 
osmotic  forces,  hydrostatic  pressure,  and  electrical  potential.  Approaches  to  these 
problems  include  both  computer  simulation  and  the  development  and  theoretical 
analysis  of  mathematical  models. 

Dr.  Weinstein  is  interested  in  the  theory  of  solute  and  water  transport  across  epi- 
thelia and  developing  mathematical  models  that  permit  the  computer  simulation  of 
normal  and  pathological  conditions.  The  primary  focus  of  this  work  is  the  study  of  the 
proximal  tubule  sodium  reabsorption:  the  transepithelial  pathways  and  driving  forces 
of  sodium  transport  and  the  mechanisms  by  which  physical  factors  modulate  this 
reabsorption.  Proximal  tubule  bicarbonate  reabsorption  is  also  examined  in  simula- 
tions of  the  acid-base  disturbances.  A  second  focus  of  this  research  has  been  the  dy- 
namics of  cell  volume  homeostasis,  with  scrutiny  of  proposed  mechanisms  for  the  co- 
ordination of  solute  transport  at  luminal  and  basolateral  epithelial  cell  membranes. 

Dr.  Koutcher's  research  focuses  on  in  vivo  applications  of  nuclear  magnetic  reso- 
nance (NMR)  to  the  study  of  hematologic  and  neoplastic  diseases.  These  studies  are 
performed  in  both  animal  systems  (usually,  mice,  but  also  rats)  and  patients,  and  will 
be  expanded  shortly  to  tumor  cells  in  culture.  The  focus  of  much  of  the  work  is  to  de- 
termine whether  tumor  metabolism,  as  monitored  by  in  vivo  NMR  spectroscopy,  can 
be  used  to  determine  tumor  sensitivity  to  anti-neoplastic  therapy,  or  as  an  early 
marker  of  tumor  response.  Additional  research  involves  the  investigation  of  agents 
that  sensitize  tumors  to  radiation  and  chemotherapy  such  as  the  radiation  sensitizing 
agent  Fluosol-DA.  The  goal  of  this  work  is  to  determine  which  tumors  are  most  likely 
to  be  sensitized  by  these  drugs.  More  recently,  we  have  applied  'H  volume  localized 
spectroscopy  to  study  bone  marrow  in  patients  with  hematologic  diseases.  These 
studies  are  being  expanded  to  animal  and  cell  models. 
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Dr.  Ling  is  interested  in  the  biological  effects  of  radiation  pertaining  to  radiation 
carcinogenesis  and  to  the  application  of  radiation  for  cancer  radiotherapy.  At  present 
four  areas  of  research  are  conducted  in  his  laboratory:  ( 1 )  physical  dosimetry  as  it 
pertains  to  clinical  radiation  oncology  particularly  brachytherapy;  (2)  radiobiology  of 
low  energy  and  short-lived  isotopes;  (3)  radiation-induced  oncogenic  events  in  carci- 
nogenesis; and  (4)  the  influence  of  oncogene  expression  on  cellular  radiosensitivity. 
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Requirements  and  Course 
Offerings 


Admission 

Applications 

For  admission  to  the  Graduate  School  of  Med- 
ical Sciences  an  applicant  must  (  1 )  have  a  bac- 
calaureate degree  or  the  equivalent  from  a 
college  or  university  of  recognized  standing, 
(  2 )  have  adequate  preparation  in  the  chosen 
field  of  study,  and  (3)  show  promise  of  ability 
to  pursue  advanced  study  and  research,  as 
judged  by  his  or  her  previous  record. 

As  a  rule,  students  are  admitted  to  one  of 
the  seven  programs  of  the  Graduate  School  of 
Medical  Sciences  which  are:  Biochemistry, 
Cell  Biology  and  Genetics,  Immunology,  Mo- 
lecular Biology,  Neuroscience,  Pharmacology, 
and  Physiology  and  Biophysics.  However,  the 
initial  affiliation  with  a  program  is  far  from 
rigid.  For  example,  a  student,  after  developing 
an  awareness  of  the  variety  of  research  proj- 
ects available  for  training,  may  remain  in  the 
original  program  but  choose  as  thesis  advisor 
a  faculty  member  affiliated  with  another  pro- 
gram, or  the  student  may  wish  to  change  pro- 
grams altogether. 

Inquiries  about  graduate  study  should  be 
addressed  to  the  Associate  Dean  of  the  Gradu- 
ate School  of  Medical  Sciences,  1300  York  Av- 
enue, New  York,  NY  1002 1. 

Candidates  may  be  admitted  in  September, 
February,  or  July,  although  places  in  the  gradu- 
ate program  for  February  and  July  may  not  be 
available  because  of  prior  commitments  to  ap- 
plicants for  September  admission.  Applicants 
for  February  or  July  admission  should  corre- 
spond directly  with  the  respective  Program 
Director  regarding  the  availability  of  places. 

Application  material  must  be  completed 
and  returned  to  the  Office  of  the  Graduate 
School  of  Medical  Sciences  together  with  ( 1 ) 
official  transcripts  of  records  from  all  colleges 
and  universities  attended,  ( 2  )  a  statement  of 
purpose  of  graduate  study,  and  (  3 )  two  letters 
of  recommendation  from  individuals  in  aca- 
demic positions  who  know  the  applicant 
professionally.  In  addition,  scores  from  the 
Graduate  Record  Examinations  ( GRE  )  are  re- 
quired to  aid  in  the  evaluation  of  an  applicant. 
Application  for  taking  the  Aptitude  (Verbal, 
Quantitative,  and  Analytical )  Test  and  the  Ad- 
vanced Test  of  the  GRE,  must  be  made  di- 
rectly to  the  Educational  Testing  Service, 
Graduate  Record  Examinations,  Box  955, 
Princeton,  NJ  0854 1. 


The  proper  Institution  Code  Number  to 
use  in  your  GRE  application  for  the  Cornell 
University  Graduate  School  of  Medical  Sci- 
ences (New  York  City)  is  R  2 119. 

Applications  for  September  or  July  admis- 
sion and  all  credentials,  including  official 
transcripts  of  records  from  all  colleges  and 
universities  attended,  must  be  received  by 
the  deadline  of  February  1.  Because  GRE 
scores  are  an  important  part  of  the  applica- 
tion it  is  of  decided  advantage  to  the  appli- 
cant, to  submit  these  scores  by  the  February  1 
deadline. 

Applications  and  credentials  for  February 
admission  must  be  received  by  November  1. 

Application  fee.  A  nonrefundable  charge 
of  $35  is  made  for  filing  an  application  for 
admission. 

The  completed  application  and  all  support- 
ing documents  are  initially  screened  by  the 
credentials  committee  of  the  program  to 
which  the  student  is  applying.  Applicants  who 
are  considered  potentially  acceptable  are 
usually  called  for  a  personal  interview.  At  the 
time  of  interview,  after  discussing  his  or  her 
interests  with  the  members  of  the  Program, 
the  applicant  may  tentatively  select  a  major 
sponsor.  If  accepted  by  the  Program,  an  appli- 
cation is  forwarded  to  the  Credentials  Review 
Committee  and  then  to  the  Dean  for  final  de- 
cision. A  student  is  formally  notified  of  ac- 
ceptance for  study  in  the  Graduate  School  of 
Medical  Sciences  by  a  letter  from  the  Dean. 
An  applicant  accepted  for  admission  is  re- 
quested to  inform  the  Graduate  School  of 
Medical  Sciences  of  her  or  his  plan  to  either 
accept  or  refuse  the  offer  of  admission  within 
one  month  after  the  Dean's  acceptance  letter 
has  been  received. 

It  is  the  policy  of  Cornell  University  to  ac- 
tively support  equality  of  educational  and 
employment  opportunity.  No  person  shall  be 
denied  admission  to  any  educational  program 
or  activity  or  be  denied  employment  on  the 
basis  of  any  legally  prohibited  discrimination 
involving,  but  not  limited  to,  such  factors  as 
race,  color,  creed,  religion,  national  or  ethnic- 
origin,  sex,  age,  or  handicap.  The  University  is 
committed  to  the  maintenance  of  affirmative 
action  programs  which  will  assure  the  contin- 
uation of  such  equality  of  opportunity. 

Admission  policies  are  also  in  conformity 
with  the  policy  of  New  York  State  in  regard  to 
the  American  ideal  of  equality  of  opportunity 
as  embodied  in  the  Education  Practices  Act. 


Memorial  Sloan  Kettering  Cancer  Center  anil 
Manhattan  Skyline,  as  seen  from  Cornell  Medical 
College. 
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Categories 

An  applicant  is  accepted  by  the  Graduate 
School  of  Medical  Sciences  (  1 )  as  a  degree 
candidate  for  the  M.S.  or  Ph.D.,  or  ( 2 )  as  a  pro- 
visional candidate. 

Provisional  candidacy  provides  opportu- 
nity for  a  prospective  degree  candidate, 
whose  educational  preparation  is  difficult  to 
evaluate,  to  begin  graduate  studies.  On  the  ba- 
sis of  the  record  of  accomplishment  in  the 
first  half  of  the  academic  year,  the  adviser  or 
temporary  Special  Committee  of  a  provisional 
candidate  may  recommend  to  the  Dean  that 
(  1 )  provisional  candidacy  be  changed  to  de- 
gree candidacy,  ( 2 )  provisional  candidacy  be 
continued  for  the  remainder  of  the  academic 
year,  or  (  3 )  provisional  candidacy  be  termi- 
nated. A  maximum  of  one  academic  year  in 
the  status  of  provisional  candidacy  is  permit- 
ted and  credit  of  a  maximum  of  one  residence 
unit  may  be  allowed  on  petition,  provided 
there  is  convincing  evidence  that  perform- 
ance has  been  of  the  same  quality  as  that  re- 
quired of  degree  candidates. 

Special  Students 

Special  students  are  students  who  are  not  de- 
gree candidates  in  the  Graduate  School  of 
Medical  Sciences  and  who  are  given  permis- 
sion by  the  dean  to  take  courses  at  Graduate 
School  of  Medical  Sciences.  Special  students 
must  be  degree  candidates  at  other  institu- 
tions and  the  courses  taken  at  Cornell  must 
be  essential  to  their  degree  programs  and  are 
not  offered  by  the  institutions  at  which  they 
are  matriculated  as  degree  candidates  as  cer- 
tified by  the  institutions.  Enrollment  as  a  spe- 
cial student  is  not  intended  as  preparation  for 
admission  to  degree  programs  at  Cornell  or 
elsewhere. 

Special  students  are  accepted  only  with  the 
approval  of  the  appropriate  Program  Chair- 
man. Such  students  must  demonstrate  special 
qualifications  in  terms  of  preparation  and  abil- 
ity. They  must  register  with  the  Graduate 
School  of  Medical  Sciences  and  must  pay  all 
tuition  and  fees  before  being  permitted  to  at- 
tend lectures  or  laboratory  sessions.  Tuition  is 
computed  on  the  basis  of  the  ratio  of  course 
hours  taken  to  the  total  hours  of  instruction 
for  the  academic  year  (33  weeks  of  40  hours  ). 
There  is  a  registration  fee  of  $35. 

Degree  Requirements 

Major  and  Minor  Programs 

A  candidate  for  the  degree  of  Master  of  Sci- 
ence is  required  to  register  for  study  in  one 


major  and  one  minor  program  Each  program 
decides  whether  the  Special  Committee  of  a 
candidate  for  the  Ph.D.  degree  must  have  two 
or  three  programs  represented.  Accordingly,  a 
candidate  for  the  degree  of  Doctor  of  Philoso- 
phy is  required  to  register  for  study  in  one 
major  and  one  or  two  minor  programs.  At 
least  one  of  the  minors  must  be  outside  the 
area  of  the  major  program. 

The  Special  Committee 

The  general  degree  requirements  of  the  Grad- 
uate School  of  Medical  Sciences  are  minimal 
in  order  to  give  maximum  flexibility  in  choos- 
ing a  desirable  program  of  study.  The  stu- 
dent's program  is  determined  with  the  aid 
and  direction  of  a  Special  Committee,  consist- 
ing of  at  least  three  faculty  members  chosen 
by  the  student  from  those  programs  that  best 
fit  his  or  her  areas  of  interest.  Satisfactory  pro- 
gress toward  a  degree  is  judged  by  the  com- 
mittee rather  than  by  arbitrary  standards  im- 
posed by  the  Graduate  School  of  Medical 
Sciences.  There  are  no  regulations  of  the  Fac- 
ulty of  the  (iraduate  School  of  Medical  Sci- 
ences governing  the  specific  content  of  in- 
struction, courses,  or  grades  to  which  the 
Special  Committee  must  subscribe,  except 
those  imposed  by  the  programs.  The  commit- 
tee is  primarily  responsible  for  the  candidate's 
development  as  an  independent  scholar  and 
scientist. 

No  later  than  four  weeks  after  enrollment,  a 
candidate  must  file  a  statement  of  the  major 
and  minor  programs  elected  for  study,  after 
which  the  student  must  choose  faculty  mem- 
bers to  represent  the  programs  and  to  serve 
on  a  Special  Committee.  The  major  sponsor 
usually  advises  the  student  concerning  the 
other  selections  and  chairs  the  committee.  At 
least  one  member  of  the  committee  must  rep- 
resent a  program  different  from  the  candi- 
date's major  program.  Members  may  agree  to 
serve  temporarily  during  the  candidate's  first 
year  of  residence  until  the  candidate  has  had 
the  opportunity  to  become  acquainted  with 
areas  of  research  in  the  programs  of  his  or  her 
choice.  On  completion  of  this  year  of  resi- 
dence, a  permanent  Special  Committee  will 
be  formed,  the  membership  of  which  can  be 
changed  with  agreement  of  all  members  of 
the  old  and  newly  formed  committees  and  the 
approval  of  the  Dean.  The  members  of  the 
Special  Committee  decide  on  the  student's 
program  of  study  and  research.  They  judge 
whether  progress  toward  a  degree  is  satisfac- 
tory and  prepare  term  reports  on  the  candi- 
date for  submission  to  the  Dean.  The  mem- 
bers of  the  committee  serve  on  all  the 
candidate's  examining  committees  and  they 
approve  his  or  her  thesis. 
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Registration  and  Course  Grades 

No  student  in  the  Graduate  School  of  Medical 
Sciences  may  double-register  for  an  advanced 
general  or  professional  degree  with  any  other 
school  or  college  except  the  Cornell  Univer- 
sity Medical  College. 

At  the  beginning  of  each  term,  students  are 
required  to  register  with  the  Office  of  the 
Graduate  School  of  Medical  Sciences  and  to 
file  a  registration  of  courses  form  indicating 
all  courses  they  will  take.  A  fee  of  $10  is 
charged  for  late  registration. 

At  the  beginning  of  each  course  in  which 
the  student  is  enrolling,  the  student  will  com- 
plete a  separate  course  registration  form  for 
the  instructor.  All  courses  for  which  the  stu- 
dent registers  for  credit  will  be  entered  in  the 
official  record.  Grades  of  graduate  students 
are  reported  as:  Excellent  (E),  Satisfactory  (S), 
Unsatisfactory  (U),  Incomplete  ( I ),  Absent 
(Abs. ),  or  Unofficially  Withdrawn  ( W).  A  grade 
of  Incomplete  or  Absent  cannot  be  changed 
later  than  one  term  following  the  one  in 
which  the  course  was  taken. 

Registration  for  the  summer  is  required  of 
graduate  students  who  will  be  engaged  in 
research. 

Residence 

The  Faculty  of  the  Graduate  School  of  Medical 
Sciences  regards  study  in  residence  as  essen- 
tial. Each  candidate  for  an  advanced  general 
degree  is  expected  to  complete  the  residence 
requirements  with  reasonable  continuity.  A 
student  must  register  each  term  from  the 
time  of  his  or  her  first  registration  in  the 
Graduate  School  of  Medical  Sciences  until  the 
student  either  withdraws  or  completes  a  de- 
gree (unless  a  leave  of  absence  has  been 
granted  ).  Full-time  study  for  one-half  aca- 
demic year  with  satisfactory  accomplishment 
constitutes  one  residence  unit.  Two  units  of 
residence  are  the  minimal  requirement  for 
the  master's  degree  and  six  units  are  the  mini- 
mum for  the  doctoral  degree.  However,  the 
time  necessary  to  obtain  the  degree  generally 
exceeds  the  minimal  requirements.  A  candi- 
date for  the  Ph.D.  degree  must  spend  two  of 
the  last  four  units  of  required  residence  in 
successive  terms  on  the  New  York  City  or  the 
Ithaca  campus  of  Cornell  University.  No  more 
than  seven  years  may  intervene  between  the 
time  of  first  registration  and  the  completion  of 
all  requirements  for  the  doctoral  degree.  A 
student  must  complete  all  requirements  for 
the  master's  degree  in  four  years. 

Part-time  graduate  study,  if  it  is  necessi- 
tated by  off-campus  employment  noncontri- 
butory  to  the  major  program  of  study,  is  not 


encouraged.  Requests  for  part-time  study 
must  be  reviewed  by  the  Executive  Commit- 
tee. If  permission  is  granted  for  part-time 
study,  the  student  must  be  in  residence  at 
least  half-time. 

Transfer  of  Residence  Credit 

No  residence  credit  will  be  granted  for  study 
outside  the  Graduate  School  of  Medical  Sci- 
ences to  fulfill  the  requirements  of  the  M.S. 
degree.  No  commitment  can  be  made  about 
granting  residence  credit  toward  the  Ph.D.  re- 
quirements for  previous  study  in  another 
graduate  school  until  after  the  candidate  has 
entered  into  residence  at  the  Graduate  School 
of  Medical  Sciences.  At  that  time,  the  stu- 
dent's Special  Committee  may  recommend 
acceptance  of  study  outside  the  Graduate 
School  of  Medical  Sciences  to  the  Executive 
Committee,  which  will  determine  the  num- 
ber of  residence  units  to  be  awarded.  No 
credit  can  be  transferred  for  study  under- 
taken as  an  undergraduate  or  as  a  special  stu- 
dent even  in  courses  designed  for  graduate 
students. 

A  student  who  has  satisfactorily  completed 
two  or  more  academic  years  of  study  toward 
the  M.  D.  degree  at  the  Cornell  University 
Medical  College,  or  another  accredited  medi- 
cal school  in  the  United  States  with  a  curricu- 
lum equivalent  to  that  of  the  Cornell  Univer- 
sity Medical  College,  may  transfer  a  maximum 
of  two  units  of  residence  credit  after  passing 
an  evaluation  examination  administered  by  a 
committee  appointed  by  the  Executive  Com- 
mittee of  the  Graduate  School  of  Medical 
Sciences. 

Summer  Research 

Registration  is  required  for  the  summer  re- 
search term  whether  or  not  this  effort  will  be 
credited  toward  residence  unit  accumulation. 
Students  registered  for  summer  research  pay 
prorated  tuition  only  if  they  are  obtaining  res- 
idence credit.  However,  no  degree  candidate 
is  eligible  for  more  than  two  residence  units 
in  any  period  of  twelve  consecutive  months. 

Study  In  Absentia 

A  candidate  for  the  degree  of  Doctor  of  Phi- 
losophy may  petition  for  permission  to  earn 
residence  units  for  study  away  from  Cornell 
University  while  regularly  registered  in  the 
Graduate  School  of  Medical  Sciences.  A  candi- 
date to  whom  this  privilege  has  been  granted, 
must  register  as  a  Candidate  in  absentia  and 
may  work  temporarily  under  the  immediate 
supervision  of  an  individual  designated  by  his 
or  her  Special  Committee  although  the  candi- 
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date's  program  will  continue  to  be  directed 
by  the  Committee.  For  study  in  absentia,  not 
more  than  two  residence  units  may  be  earned 
toward  fulfillment  of  the  minimal  residence 
requirements  for  the  Ph.D.  degree. 

Leave  of  Absence 

A  candidate  who  finds  it  necessary  to  inter- 
rupt the  continuity  of  his  or  her  residence 
must  petition  the  Dean  for  an  official  leave  of 
absence.  This  written  petition  must  specify 
the  term  of  absence,  state  the  reason  for  the 
requested  leave  of  absence,  and  be  approved 
by  the  student's  Special  Committee. 

Candidacy  for  Degree  Only 

A  graduate  student  who  has  fulfilled  all  de- 
gree requirements,  with  the  possible  excep- 
tion of  the  thesis  defense  and  final  thesis  sub- 
mission, who  leaves  campus  and  is  no  longer  a 
full-time  student,  must  request  Candidate  for 
Degree  Only  status,  which  is  in  effect  until 
graduation. 

Examinations 

Three  examinations  are  required  by  the  Fac- 
ulty of  the  Graduate  School  of  Medical  Sci- 
ences: ( 1 )  Final  Examination  for  the  M.S.  de- 
gree, (  2 )  Examination  for  Admission  to 
Doctoral  Candidacy,  and  (3)  Final  Examina- 
tion for  the  Ph.D.  degree.  Examinations  are 
administered  by  an  Examining  Committee 
consisting  of  a  chairperson  appointed  by  the 
Dean,  the  members  of  the  candidate's  Special 
Committee,  and,  in  the  case  of  the  Admission 
to  Doctoral  Candidacy'  Examination,  one  ad- 
ditional member  selected  from  the  Faculty  of 
the  Graduate  School  of  Medical  Sciences  or  of 
other  institutions.  In  addition  to  these  exami- 
nations, the  candidate's  major  program  may- 
require  a  qualifying  examination  as  part  of  its 
evaluation  of  the  candidate  after  two  units  of 
residence  have  been  completed. 

For  the  M.S.  degree:  The  Final  Examination 
may  be  oral  or  both  oral  and  written. 

For  the  Ph.D.  degree:  The  Admission  to 
Doctoral  Candidacy  Examination  is  both  oral 
and  written  and  certifies  that  the  student  is  el- 
igible to  present  a  thesis  to  the  Faculty  of  the 
Graduate  School  of  Medical  Sciences.  The  ex- 
amination should  be  taken  after  course  work 
is  largely  finished  but  before  significant  thesis 
research  has  begun.  Accordingly,  the  usual 
examination  time  will  be  at  the  end  of  the 
second  year  of  residence.  The  examination 
may  not  be  taken  until  two  units  of  residence 
credit  have  been  accumulated  and  a  mini- 


mum of  two  units  of  residence  credit  is  re- 
quired after  passing  this  examination  before 
the  final  examination  can  be  scheduled.  The 
final  examination  for  the  Ph.D.  degree  is  an 
oral  defense  of  the  candidate's  thesis.  It  must 
be  passed  within  four  years  after  completion 
of  the  required  residence  units,  or  within 
seven  years  from  the  date  of  first  registration, 
whichever  is  earlier. 

Thesis 

A  principal  requirement  for  both  the  M.S.  and 
the  Ph.D.  degrees  is  the  presentation  of  a  the- 
sis constituting  an  imaginative  contribution 
to  knowledge.  Ordinarily  the  thesis  is  written 
on  a  research  topic  in  the  candidate's  major 
field  of  study,  under  the  direction  of  the  chair- 
person of  his  or  her  Special  Committee.  The 
time  between  the  thesis  defense  and  submis- 
sion of  the  thesis  in  its  final  form  is  limited  to 
60  days.  The  faculty  requires  that  the  Ph.D. 
thesis  be  published  in  abstract  and  be  re- 
corded on  microfilm. 

Tuition  and  Fees 

Tuition 

Tuition  for  a  student  regularly  matriculated  in 
the  Graduate  School  of  Medical  Sciences  is 
$14,100  for  the  academic  year  1991-92  and  is 
payable  in  two  equal  parts,  the  first  of  which 
is  due  at  initial  registration.  Tuition  includes 
fees  for  matriculation,  the  student  health  plan, 
graduation,  and  miscellaneous  thesis 
expenses. 

Students  in  the  Ph.D.-M.D.  program  (see  p. 
66)  will  be  charged  Medical  College  tuition 
while  they  are  enrolled  in  medical  school. 

A  student  who  is  to  receive  partial  resi- 
dence credit  (see  p.  61 )  because  of  employ- 
ment should  apply  for  proration  of  tuition  on 
forms  obtainable  at  the  Office  of  the  Dean. 

Other  Fees 

In  Absentia  A  student  registered  in  absen- 
tia pays  a  fee  of  $200  each  term. 

Leave  of  Absence  Students  on  leave  of  ab- 
sence will  be  required  to  pay  an  active-file  fee 
of  $200  for  each  semester,  up  to  a  maximum 
of  six  semesters,  during  which  they  are  not 
registered  with  the  Graduate  School.  This  fee 
will  not  be  subject  to  finance  charges  but 
must  be  paid  before  the  student  can  receive 
an  advanced  degree.  Petition  for  waiver  of 
this  fee  will  be  considered  for  students  who 
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have  not  completed  the  required  number  of 
residence  units. 

For  students  on  leave  of  absence,  the  stu- 
dent health  plan  will  remain  in  force  for  30 
days  following  the  commencement  of  the 
leave. 

Candidacy  for  Degree  Only  A  student 
who  registers  as  a  Candidate  for  Degree  Only 
pays  a  one-time  fee  of  835. 

Any  individual  who  owes  money  to  the 
University  will  not  be  allowed  to  register  or 
reregister  in  the  University,  receive  a  tran- 
script of  his  or  her  record,  have  his  or  her  ac- 
ademic credits  certified,  be  granted  a  leave  of 
absence,  have  a  degree  conferred  and  will 
not  be  eligible  for  health  services  and  subsi- 
dized housing. 

The  amount,  time,  and  manner  of  payment 
of  tuition,  fees,  or  other  charges  may  be 
changed  at  any  time  without  notice. 

Refunds 

Part  of  the  personally  paid  tuition  will  be  re- 
funded if  the  student  obtains  official  certifica- 
tion of  leave  of  absence  or  withdrawal  from 
the  Graduate  School  of  Medical  Sciences  dur- 
ing the  semester.  Students  who  terminate 
their  registration  during  a  regular  term  in  this 
manner  will  be  charged  tuition  from  the  reg- 
istration day  to  the  effective  date  of  the  certif- 
icate as  follows:  first  week,  10  percent;  second 
week,  20  percent;  third  week,  30  percent; 
fourth  week,  40  percent;  fifth  week,  60  per- 
cent; sixth  week,  80  percent;  seventh  week, 
100  percent.  No  charge  will  be  made  if  the  ef- 
fective date  of  leave  or  withdrawal  is  within 
the  first  six  days  of  the  term,  including  regis- 
tration day. 

Financial  Assistance 

Students  who  wish  to  apply  for  a  Stafford  Stu- 
dent Loan  or  other  Federal  assistance  are  re- 
quired to  submit  a  Graduate  and  Professional 
School  Financial  Aid  Service  (GAPSFAS)  form 
providing  an  estimate  of  financial  need. 

Application  forms  can  be  obtained  from  the 
Graduate  School  Office  or  from  the  Educa- 
tional Testing  Service.  File  the  form  with  the 
Educational  Testing  Service,  Box  2614, 
Princeton,  New  Jersey  0854 1,  and  request 
that  the  information  be  sent  to  Cornell-Code 
2267. 

Financial  assistance  is  available  to  qualified 
applicants.  Individual  fields  may  offer  predoc- 
toral  research  fellowships,  research  assistant- 


ships,  or  teaching  assistantships.  These  posi- 
tions may  provide  a  stipend  in  addition  to 
tuition.  Information  about  these  positions 
may  be  obtained  directly  from  the  Program 
Director  at  the  time  of  application. 

Nationwide  competitive  predoctoral  fel- 
lowships are  available  from  the  National  Sci- 
ence Foundation,  the  National  Research 
Council,  and  the  Howard  Hughes  Medical  In- 
stitute. Information  about  these  fellowships 
should  be  requested  directly  from  the  appro- 
priate agency. 

New  York  State  residents  are  eligible  for 
several  predoctoral  fellowships  and  the  Tui- 
tion Assistance  Program.  Application  forms 
may  be  obtained  from  the  New  York  Higher 
Education  Services  Corporation,  Student  Fi- 
nancial Aid  Section,  Tower  Building,  Empire 
State  Plaza,  Albany,  NY  12255. 

Several  other  loan  programs  are  available  to 
graduate  students.  Under  these  programs,  re- 
payment of  the  principal  amount  of  the  loan 
together  with  the  interest  on  the  loan  may  be 
deferred  until  after  graduation.  Complete  in- 
formation regarding  loan  programs  may  be 
obtained  from  the  Graduate  School  Office. 

Opportunity  for  part-time  employment  is 
often  available  in  departmental  research  proj- 
ects or  other  activities.  Applications  should 
be  made  directly  to  individual  departments. 

Scholarships  and 
Fellowships 

Full  fellowships  are  available  for  graduate  stu- 
dents. Recipients  of  this  award  become  Ph.D. 
Fellows  and  will  receive  a  full  tuition  scholar- 
ship and  a  stipend  covering  living  expenses. 

Tuition  scholarships  are  available  for  stu- 
dents who  are  not  covered  by  a  fellowship. 
This  scholarship  fund  is  administered  by  the 
Office  of  the  Dean  of  the  Graduate  School  of 
Medical  Sciences. 

In  addition,  the  following  named  funds  pro- 
vide support  for  selected  students: 

The  Vincent  Astor  Scholarship  Fund. 

Funds  for  tuition  assistance  are  also  derived 
from  the  income  from  a  generous  gift  by  the 
Vincent  Astor  Foundation  to  the  Graduate 
School  of  Medical  Sciences  and  to  the  Medical 
College.  Allocation  of  these  funds  for  graduate 
student  tuition  assistance  is  made  at  the  dis- 
cretion of  the  Dean  of  the  Graduate  School  of 
Medical  Sciences. 

The  Departmental  Associates  Fellowship 
was  established  by  the  generous  contribu- 
tions of  The  New  York  Hospital-Cornell  Mi  di 
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cal  Center  Departmental  Associates  for  the 
support  of  a  Ph.D.  candidate  in  the  Graduate 
School  of  Medical  Sciences. 

Herbert  and  Lee  Friedman  Fellowship 

provides  support  for  an  M.D.-Ph.D.  student 
and  is  funded  through  income  derived  from 
an  endowment  estahlished  by  Mr.  Herhert 
Friedman  to  the  Sloan-Kettering  Institute. 

Lee  Friedman  Memorial  Fellowship. 

Funds  for  the  support  of  an  M.D.-Ph.D.  stu- 
dent are  provided  by  income  generated  from 
an  endowment  to  the  Sloan-Kettering  Insti- 
tute in  memory  of  Lee  Friedman,  the  wife  of 
Herbert  Friedman. 

The  Harry  E.  Gould,  Sr.,  Medical  and 
Graduate  Student  Scholarship.  This  fund 
was  established  by  Mr.  Gould's  son,  Harry  E. 
Gould,  Jr.,  in  memory  of  his  father,  a  promi- 
nent business  and  civic  leader  in  the  City  of 
New  York,  who  had  a  long-standing  interest  in 
medicine.  The  income  from  this  endowment 
provides  financial  assistance  for  students  of 
the  Medical  College  and  Graduate  School  of 
Medical  Sciences. 

The  Mildred  and  Emil  Holland  Scholar- 
ship. Income  from  a  gift  by  the  Emil  and 
Mildred  Holland  Philanthropic  Fund  of  the 
Jewish  Communal  Fund  is  used  to  provide  tu- 
ition support  for  an  M.D.-Ph.D.  student. 

The  Frank  L.  Horsfall,  Jr.  Fellowships  are 

derived  from  income  generated  by  the  Frank 
L.  Horsfall,  Jr.  Fund  and  are  awarded  each  year 
to  two  outstanding  students  sponsored  by  fac- 
ulty members  of  the  Sloan-Kettering  Institute. 

Robert  W.Johnson,  Jr.  Charitable  Trust. 

The  income  on  a  permanent  endowment  to 
the  Sloan-Kettering  Institute  provides  a  fel- 
lowship for  an  M.D.-Ph.D.  student. 

The  W.  A.  Keck  Foundation  Medical  Sci- 
entist Fellowship.  This  award  is  derived 
from  a  generous  endowment  awarded  to  Cor- 
nell University  Medical  College  and  provides 
support  for  an  M.D.-Ph.D.  student. 

The  Frances  L.  Loeb  Medical  Scientist  Fel- 
lowships. These  fellowships  have  been  en- 
dowed by  a  gift  from  Frances  L.  Loeb  and  pro- 
vide support  for  two  M.D.-Ph.D.  students  at 
the  Cornell  University  Medical  College. 

The  Shirley  L.  Marshak  Fellowship  is 

funded  by  income  derived  from  the  Shirley  L. 
Marshak  Trust  for  Charities.  The  Fellowship 


has  been  designated  for  award  to  a  student  of 
the  Graduate  School  of  Medical  Sciences  who 
is  engaged  in  biomedical  research. 

The  Andrew  W.  Mellon  Foundation  Fel- 
lowships. A  grant  by  the  Andrew  W.  Mellon 
Foundation  provides  fellowship  support  for 
M.D.-Ph.D.  students  selected  for  the  Tri-Insti- 
tutional  Medical  Scientist  Training  Program 
which  is  administered  jointly  by  Cornell  Uni- 
versity Medical  College,  the  Cornell  Univer- 
sity Graduate  School  of  Medical  Sciences,  and 
The  Rockefeller  University. 

The  Frank  R.  and  Blanche  A.  Mowrer  Me- 
morial Fund.  Financial  assistance  is  available 
from  the  income  of  this  fund  to  one  student 
each  year  enrolled  in  the  Ph.D.-M.D.  or  M.D.- 
Ph.D.  program. 

The  Papanicolaou  Medical  Scientist  Fel- 
lowship is  funded  by  income  from  a  bequest 
from  Mary  G.  Papanicolaou  in  memory  of  her 
husband,  Dr.  George  N.  Papanicolaou,  and  by 
a  gift  from  an  anonymous  donor  to  the  Cor- 
nell University  Medical  College.  The  funds 
provide  support  for  an  M.D.-Ph.D.  student. 

The  Abby  Rockefeller  Mauze  Medical  Sci- 
entist Fellowship  was  established  by  a  gift 
from  the  Abby  Rockefeller  Mauze  Trust.  The 
income  provides  fellowship  support  for  an 
M.D.  Ph.D.  student. 

Louis  and  Rachel  Rudin  Foundation.  The 

generous  gift  to  the  Sloan-Kettering  Institute 
from  the  Foundation  provides  a  fellowship  for 
an  M.D.-Ph.D.  student. 

The  Surdna  Foundation  Medical  Scientist 
Fellowship  was  made  possible  by  a  generous 
grant  to  the  Medical  College  by  the  Surdna 
Foundation.  The  income  from  this  endow- 
ment provides  fellowship  support  for  an 
M.D.  Ph.D.  student. 

The  Iris  L.  and  Leverett  S.  Woodworth 
Medical  Scientist  Fellowship.  Funds  for  the 
support  of  an  M.D.-Ph.D.  student  are  provided 
by  the  income  from  a  generous  gift  from  Dr. 
Leverett  S.  Woodworth  in  his  own  name  and 
in  memory  of  his  wife,  Iris  L.  Woodworth. 

Awards  and  Prizes 

The  Julian  R.  Rachele  Prize.  The  income  of 
a  fund  established  by  Dr.  Julian  R.  Rachele, 
former  Dean  of  the  Cornell  University  Gradu- 
ate School  of  Medical  Sciences,  provides  for 
an  annual  prize  to  be  awarded  to  a  candidate 
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for  the  Ph.D.  degree  for  a  research  paper  of 
which  the  candidate  is  the  sole  or  the  senior 
author. 

The  prize  was  awarded  in  199 1  to  Anne 
O'Connell  and  Bruce  Sullenger. 

The  Vincent  duVigneaud  Prizes  for  the 

presentation  of  outstanding  papers  by  stu- 
dents of  the  Cornell  University  Graduate 
School  of  Medical  Sciences  at  the  Annual  Vin- 
cent duVigneaud  Memorial  Research 
Symposium. 

Recipients  of  these  awards  in  199 1  were 
Iris  Alroy  John  Prescott,  Lisa  Rubin,  Aniko 
Szabo,  and  John  Zebala. 

Student  Health  Services 

The  student  Health  Plan  of  Cornell  University 
Medical  College  provides  hospitalization  and 
major  medical  insurance  for  all  registered 
graduate  students.  In  addition,  the  Plan  pro- 
vides for  ambulatory  care  at  the  Student 
Health  Service  of  The  New  York  Hospital- 
Cornell  Medical  Center.  Physicians  at  the 
Health  Service  will  refer  students  who  re- 
quire specialized  care  to  clinics  of  the  New 
York  Hospital  and  to  attending  physicians 
when  needed. 

The  cost  of  medical  services  provided  by 
the  Plan  are  included  in  the  tuition  and  fee 
structure  announced  by  the  Graduate  School 
of  Medical  Sciences  each  academic  year.  Stu- 
dents will  be  issued  Plan  membership  cards 
and  will  receive  courtesy  privileges  at  The 
New  York  Hospital  Pharmacy. 

Entering  students  are  requested  to  have  a 
physical  examination,  chest  X-ray  and  labora- 
tory tests  performed  by  their  personal  physi- 
cians prior  to  matriculation.  The  hours  of  the 
Student  Health  Service  and  a  complete  state- 
ment of  Plan  benefits  will  be  provided  to  each 
graduate  student  upon  arrival. 

It  is  recommended  that  students  purchase 
insurance  coverage  for  eligible  dependents 
who  do  not  have  other  insurance  available  to 
them.  Insured  dependents  are  not  eligible  for 
care  at  the  Student  Health  Service  but  they 
will  be  referred  to  appropriate  members  of 
the  Hospital  staff  for  medical  treatment. 

Students  who  withdraw  from  the  Graduate 
School  of  Medical  Sciences  will  be  covered 
for  30  days  from  the  effective  date  of  with- 
drawal. Dependent  coverage  may  also  be  con- 
tinued for  this  period,  and  costs  will  be  pro- 
rated from  the  date  of  termination.  See  the 
Registrar  of  the  Medical  College  to  make  such 
arrangements. 


Students  on  an  academic  leave  of  absence 
from  the  Graduate  School  of  Medical  Sciences 
will  be  covered  for  30  days  after  the  official 
commencement  date  of  the  leave.  Dependent 
coverage  may  be  continued  for  this  period, 
and  costs  will  be  prorated  from  the  date  of 
termination.  Students  on  medical  leave  of  ab- 
sence from  the  Graduate  School  of  Medical 
Sciences  will  be  fully  covered  for  the  duration 
of  the  academic  year. 

Graduating  students  and  their  dependents 
are  covered  until  the  last  day  of  the  month  fol- 
lowing the  month  in  which  the  student  was 
last  registered  in  the  Graduate  School  of  Med- 
ical Sciences. 

Residence  Halls 

F.  W.  Olin  Hall,  a  student  residence,  is  at  445 
East  Sixty-ninth  Street  directly  across  from 
the  Medical  College  entrance  on  York  Avenue. 
Olin  Hall  contains  a  gymnasium,  lounges,  a 
kitchen  on  each  student  floor,  and  200  resi- 
dence rooms.  Each  room  is  a  single  bedroom- 
study  but  since  two  rooms  share  a  connect- 
ing bath,  they  are  normally  used  as  a  suite  for 
two  students.  The  rooms  are  completely  fur- 
nished. The  student  housing  fee  is  8265  per 
month. 

Livingston-Ferrand  Apartments,  also  lo- 
cated on  East  Sixty-ninth  Street,  just  beyond 
Olin  Hall,  have  furnished  apartments  of  1  '/>,  2, 
3,  and  4  rooms.  Kitchen  facilities  are  pro- 
vided in  these  apartments.  Housing  fees  begin 
at  $338  per  month  (utilities  not  included). 
These  apartments  are  available  to  families  and 
upper-class  students. 

Jacob  S.  Lasdon  House,  an  apartment  resi- 
dence, is  located  at  420  East  Seventieth 
Street.  This  building  contains  studio,  one- 
bedroom,  and  two-bedroom  apartments,  and 
two  squash  courts.  Apartments  are  fully  fur- 
nished, include  kitchens,  and  are  centrally  air 
conditioned.  Housing  fees  for  students  shar- 
ing apartments  begin  at  #307  per  month  in- 
cluding utilities.  Fees  for  families  begin  at 
$576  including  utilities.  These  apartments 
are  available  to  families  and  upper-class 
students. 

The  Rockefeller  Scholars  Residence  at 

504  East  Sixty-third  Street,  operated  by  The 
Rockefeller  University  and  the  Memorial 
Sloan-Kettering  Cancer  Center,  provides  a 
limited  number  of  studio  apartments  for  mar- 
ried students  of  the  Cornell  University  Gradu- 
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ate  School  of  Medical  Sciences.  The  monthly 
housing  fee  for  these  studios,  which  are  fully 
furnished  and  contain  kitchen  facilities,  is 
5530. 

Housing  in  the  above  facilities  is  guaranteed 
for  a  five-year  period  from  the  time  of first 
enrollment. 

The  fees  listed  may  he  changed  at  any  time 
without  previous  notice. 

Pets  are  not  permitted  in  student 
housing. 

Special  Programs 

Application  to  the  Tri-Institutional 
M.D.  Ph.D.  Program 

See  p.  3  for  a  description  of  the  program.  A 
successful  applicant  will  demonstrate  excel- 
lent undergraduate  science  preparation  and  a 
strong  commitment  to  combining  an  investi- 
gative career  in  the  biomedical  sciences  with 
clinical  medicine.  Applicants  must  satisfy  the 
requirements  of  each  institution.  After  initial 
screening,  selected  candidates  will  be  invited 
to  meet  with  members  of  the  faculties  of  the 
medical  and  graduate  programs. 

To  complete  an  application,  students  must 
submit  the  following: 

To  AMCAS  in  Washington,  D.C.: 

1.  AMCAS  Application.  A  completed  AMCAS 
application  form  should  be  sent  directly  to 
AMCAS  by  November  1.  The  personal  data 
and  academic  record  required  are  suitable 
for  evaluation  by  both  the  medical  and 
graduate  schools. 

To  the  Tri-Institutional  M.D.-Ph.D.  Pro- 
gram, Room  F-104,  Cornell  University 
Medical  College,  1300  York  Ave.,  New 
York,  NY  10021: 

2.  M.D.  -Ph.D.  Application  Form.  The  Tri-In- 
stitutional Program  Application  Form  will 
be  sent  when  information  about  the  pro- 
gram is  requested. 

3-  Test  Scores.  MCAT  scores  are  required; 
GRE  scores  are  optional. 

4.  Personal  statement.  Candidates  should 
submit  a  personal  statement  summarizing 
their  research  background  and  scientific 
interests,  as  well  as  reasons  for  wishing  to 
pursue  the  combined  degree. 

5.  Letters  of  Recommendation. 

a.  Each  applicant  should  arrange  to  provide 
either  a  statement  and  supporting  material 
from  his  or  her  premedical  advisory  com- 


mittee, or  two  letters  from  undergraduate 
science  faculty  members  evaluating  the 
candidate's  suitability  for  a  career  in 
medicine. 

b.  Letters  from  at  least  two  faculty  mem- 
bers evaluating  the  candidate's  research 
potential  should  also  be  submitted. 
6.  Application  Tee.  A  $50  processing  fee  will 
be  requested  when  the  AMCAS  application 
is  received  by  the  Medical  College  Office 
of  Admissions.  This  fet  can  be  waived  in 
cases  of  financial  hardship.  There  is  no  ad 
ditional  application  fee  for  the  M.D.-Ph.D. 
Program. 

Deailline.  Applications  must  be  received  by 
November  30. 

Application  to  the  Ph.D. 
M.D.  Program 

See  p.  4  for  a  description  of  the  program.  Stu- 
dents admitted  to  the  program  will  matricu- 
late as  second-year  medical  students,  follow 
ing  successful  completion  while  enrolled  in 
the  Graduate  School  of  Medical  Sciences 
(GSMS)  of  all  first-year  courses  of  Cornell  Uni- 
versity Medical  C lol lege  (CUMC)  and  of  all  re- 
quirements for  the  Ph.D.  degree. 

Application  for  admission  to  CUMC  can  be 
made  either  during  the  academic  year  pre- 
ceding the  year  of  anticipated  enrollment,  or 
two  years  prior  to  enrollment.  Students  must 
have  passed  the  Admission  to  Doctoral  Candi- 
dacy Examination  and  at  least  two  major  first- 
year  medical  school  courses  by  the  time  ap- 
plication is  made.  Admission,  if  granted,  will 
be  conditional  pending  completion  of  all  re- 
quirements for  the  Ph.D.  degree  and  of  all  re- 
maining first-year  medical  school  courses. 

To  complete  an  application,  students  must 
submit,  by  October  15,  the  following  docu- 
ments to  the  Office  of  the  Dean  of  the  GSMS: 

1 .  A  completed  application  for  admission 
with  advanced  standing  (second  year )  to 
CUMC.  Application  forms  are  obtainable 
from  the  CUMC  Admissions  Office. 

2.  An  up-to-date  transcript  from  the  GSMS 
showing  successful  completion  of  at  least 
two  major  courses  of  the  first-year  medi- 
cal school  curriculum  (Biochemistry, 
Gross  Anatomy,  Cell  Biology  and  Micro- 
scopic Anatomy,  Physiology  and  Biophys- 
ics, Neuroscience ). 

3.  A  plan  of  study  for  the  remaining  years  in 
graduate  school,  incorporating  all  courses 
of  the  first-year  medical  school  curriculum 
still  to  be  taken.  The  plan  must  show  en- 
dorsing signatures  of  the  members  of  the 
student's  Special  Committee. 
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4.  Two  letters  of  recommendation,  one  by 
the  student's  major  sponsor,  and  one  by 
another  member  of  the  faculty  of  the 
GSMS  addressing  the  applicant's  suitability 
for  the  Ph.D.-M.D.  program. 

5.  Results  of  the  Medical  College  Admissions 
Test  (MCAT). 

The  Office  of  the  Dean  of  the  GSMS  will  re- 
view the  student's  credentials  and  make  a  rec- 
ommendation to  the  Committee  on  Admis- 
sions of  CUMC.  After  review  of  the  application 
and  personal  interviews,  this  committee  will 
determine  the  acceptability  of  the  student  for 
the  Ph.D.-M.D.  program  and  will  inform  the 
student  of  its  decision  before  June  1. 


After  completion  of  the  second  and  third 
years  and  the  required  selectives  of  the  fourth 
year  of  the  Medical  College,  students  in  the 
program  receive  credit  for  their  graduate 
studies  to  satisfy  the  elective  requirements  of 
the  fourth-year  Medical  School  curriculum. 

While  registered  as  graduate  students,  the 
Ph.D.-M.D.  candidate  is  subject  to  the  tuition 
schedule  of  the  GSMS.  Upon  registration  at 
CUMC,  the  candidate  is  responsible  for  the  tu- 
ition charged  by  the  Medical  College  (full  tui- 
tion for  the  second  and  third  years,  and  a  min 
imum  of  30%  of  the  fourth-year  tuition ). 
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Programs  of  Study 


Biochemistry 


Graduate  Program  Chairman 

Alton  Meister,  Department  of  Biochemistry, 
Cornell  University  Medical  College, 
Room  E-106,  1300  York  Avenue, 
New  York,  NY  1002 1,(212)  746-6402. 

Graduate  Program  Director 

Daniel  Wellner,  Department  of  Biochemistry, 
Cornell  University  Medical  College, 
Room  E-09,  1300  York  Avenue, 
New  York,  NY  1002 1,  (  2 12  )  746-6409 

Graduate  instruction  is  offered  leading  to  the 
Ph.D.  degree.  Within  the  framework  of  de- 
gree requirements  and  in  consultation  with 
the  student,  the  course  of  study  is  planned  to 
fit  the  need  of  the  individual.  Although  formal 
course  work  is  required,  emphasis  is  placed 
on  research.  Research  opportunities  exist  in 
various  areas  of  biochemistry  including  enzy- 
mology,  structure  and  function  of  proteins 
and  nucleic  acids,  molecular  biology,  physical 
biochemistry,  and  the  intermediary  metabo- 
lism of  amino  acids,  carbohydrates,  nucleic 
acids,  and  lipids.  Entering  graduate  students 
usually  work  for  short  periods  in  several  of 
the  laboratories  of  the  faculty  members  of  the 
Program  before  beginning  their  thesis  re- 
search. Students  are  encouraged  to  choose 
challenging  fundamental  research  problems 
that  are  on  the  frontiers  of  biochemistry. 

The  laboratories  of  the  faculty  members 
are  equipped  with  virtually  all  of  the  instru- 
ments and  facilities  required  for  modern  bio- 
chemical research;  thus,  graduate  students 
are  instructed  in  such  methodology  as  chro- 
matography countercurrent  distribution,  ra- 
dioactive and  stable  isotope  techniques,  spec- 
trophotometry, electrophoresis,  and 
analytical  ultracentrifugation. 

Students  who  undertake  graduate  study  in 
biochemistry  must  have  a  sufficiently  com- 
prehensive background  in  chemistry  to  pur- 
sue the  proposed  course  of  study  and  must 
present  evidence  of  knowledge  of  biology, 
general  experimental  physics,  mathematics 
(including  differential  and  integral  calculus). 
Students  may  remedy  deficiencies  in  these 
areas  during  the  first  year  of  graduate  study. 
The  Graduate  Record  Examination  ( the  apti- 
tude test  and  the  advanced  test  in  chemistry ) 
is  ordinarily  required. 


Courses 

Biochemistry.    This  course  is  designed  to 
provide  the  student  with  a  knowledge  of  the 
fundamentals  of  biochemistry  and  an  appreci- 
ation of  the  molecular  basis  of  biological  phe- 
nomena. There  is  an  emphasis  on  the  bio- 
chemical and  molecular  events  relevant  to 
human  health  and  disease.  The  course  is  of- 
fered to  both  graduate  and  medical  students. 
Topics  covered  include  chemical  and  physical 
properties  of  biomolecules,  enzymology  mo- 
lecular biology,  metabolism  of  carbohydrates, 
lipids,  amino  acids,  purines,  and  pyrimidines. 
Graduate  students  in  the  Program  in  Bio- 
chemistry are  required  to  pass  this  course  (or 
its  equivalent ).  First  and  second  quarters,  an- 
nually. Dr.  Griffith,  Dr.  wellner,  and  staff. 

Graduate  Biochemistry.  This  is  a  research- 
oriented  course  which  examines  in  detail  the 
structure  of  proteins  and  the  experimental 
methods  available  for  increasing  our  under- 
standing of  these  important  macromolecules. 
Topics  will  include  modern  methods  of  pro- 
tein isolation  and  structure  determination. 
Also  covered  will  be  techniques  for  studying 
protein  conformation  and  interaction  with  lig- 
ands  such  as  substrates,  coenzymes,  and  hor- 
mones. Graduate  students  in  the  Program  in 
Biochemistry  are  required  to  pass  this  course 
(or  its  equivalent).  Third  quarter,  annually.  Dr. 
wellner  and  staff. 

Membrane  Biochemistry.  This  course 
consists  of  a  series  of  15  lectures  covering 
topics  on  structure-function  relationships 
during  membrane  biogenesis  and  cell-cell  in- 
teractions. Topics  include  membrane  compo- 
sition, membrane  cell  biology,  physical  tech- 
niques to  study  membrane  structure, 
membrane  receptors  and  stimulus-response 
coupling,  membrane  pathophysiology,  ther- 
modynamics, and  the  molecular  aspects  of 
membrane  fluidity.  These  topics  will  be 
taught  assuming  that  students  have  taken  the 
first  year  Biochemistry  course  (or  its  equiva- 
lent). Fourth  quarter,  1991-92.  Dr.  Hajjar. 

Biochemistry  for  M.D.-Ph.D.  Students.  A 

course  offered  jointly  by  the  faculties  of  the 
Medical  College,  Sloan-Kettering  Division, 
and  The  Rockefeller  University.  The  course  is 
primarily  designed  for  M.D.-Ph.D.  students. 
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but  Ph.D.  and  M.D.  students  may  audit  it.  The 
course  consists  of  a  series  of  group  seminars/ 
tutorial  sessions  on  protein  structure  and 
function,  signal  transduction,  molecular  biol- 
ogy and  immunochemistry.  Primary  research 
papers  will  be  assigned  for  student/faculty 
discussion.  Participants  will  meet  once  a 
week  during  the  first  and  second  quarters.  Of- 
fered annually.  Dr.  1  la j jar 

Other  Academic  Offerings 

Introduction  to  Research.    Laboratory  ro- 
tations in  experimental  biochemistry  dealing 
with  the  isolation,  synthesis,  and  analysis  of 
substances  of  biochemical  importance  (en- 
zymes, co-enzymes,  various  metabolites  and 
intermediates ),  and  study  of  their  properties 
by  various  chemical  and  physical  techniques. 
The  student  obtains  this  varied  research  ex- 
perience by  spending  approximately  two 
months  in  the  laboratory  of  each  of  four  fa- 
culty members  of  his  or  her  choice.  For 
incoming  graduate  students  majoring  in 
biochemistry. 

Biochemistry  Seminars.    A  seminar  series 
in  which  students,  faculty,  and  invited  scien- 
tists from  this  and  other  institutions  report  on 
progress  in  their  laboratories. 

Cell  Biology  and  Genetics 

Graduate  Program 
Co-Chairpersons 

Donald  A.  Fischman,  Cornell  University  Medi- 
cal College,  Department  of  Cell  Biology  and 
Anatomy,  1300  York  Avenue,  New  York,  NY 
10021,(212)746-6140 

Joan  Massague,  Sloan-Kettering  Institute, 
1275  York  Avenue,  New  York,  NY  1002 1, 
(212)639-8975 

Graduate  Program  Directors 

Paula  Traktman,  Cornell  University  Medical 
College,  Dept.  of  Cell  Biology  &  Anatomy, 
1300  York  Avenue,  New  York,  NY  1002 1, 
(212)746-6165. 

David  Bader,  Cornell  University  Medical  Col- 
lege, Dept.  of  Cell  Biology  &  Anatomy  1300 
York  Avenue,  New  York,  NY  1002 1,(212)  746- 
6149 

The  Program  in  Cell  Biology  and  Genetics  of- 
fers advanced  study  leading  to  the  Ph.D.  de- 


gree. The  Program  is  intended  to  prepare  stu- 
dents for  a  career  in  basic  research  and 
teaching  in  cell  or  developmental  biology,  ge- 
netics, molecular  biology,  or  related 
disciplines. 

Course  Requirements:  In  the  first  two  years 
students  are  expected  to  complete  a  core  cur- 
riculum of  Graduate  Biochemistry,  Cell  Biol- 
ogy, and  Molecular  Genetics.  First-year  stu- 
dents also  participate  in  a  formal  journal  club 
designed  to  foster  skills  in  literature  compre- 
hension and  oral  presentation.  To  satisfy  the 
requirements  for  the  Ph.D.,  the  students  also 
select  four  elective  courses  chosen  to  com- 
plement their  background  and  develop  their 
interests.  At  the  end  of  the  first  year,  an  oral 
evaluation  of  each  student  is  conducted  in  or- 
der to  monitor  student  progress  and  identify 
areas  of  strength  and  weakness.  Students  are 
also  urged  to  participate  in  a  weekly  forum  in 
which  they  and  post-doctoral  fellows  report 
on  their  research,  and  are  expected  to  attend 
one  of  the  weekly  research  symposia  hosted 
by  the  departments  of  Cell  Biology  and  Anat- 
omy or  Cell  Biology  and  Genetics.  Although 
the  official  transcript  contains  only  pass/fail 
grades,  students  are  expected  to  perform  at  a 
level  corresponding  to  a  B  average. 

Laboratory  Rotations:  Students  rotate 
through  three  laboratories  during  the  first 
year.  Such  rotations  familiarize  students  with 
ongoing  research  in  the  I nterdi visional  Pro- 
gram and  provide  a  mechanism  for  selection 
of  the  thesis  sponsor.  Written  rotation  reports 
also  provide  practice  in  the  skills  of  present- 
ing scientific  data. 

Admission  to  Doctoral  Candidacy:  The  Pro- 
gram administers  this  qualifying  examination 
before  the  end  of  the  second  year  of  resi- 
dence. The  specific  format  of  the  examina- 
tion, which  is  composed  of  written  and  oral 
sections,  is  determined  by  the  examining 
committee.  Typically,  the  written  examina- 
tion covers  three  or  four  topics  selected  by 
the  student  and  committee,  and  the  oral  ex- 
amination centers  around  a  brief  research 
proposal  on  a  topic  chosen  by  the  student  and 
not  related  to  the  thesis  project. 

Courses 

Advanced  Cell  Biology.  This  course  is  or- 
ganized as  a  combination  of  biweekly  lec- 
tures, small  group  discussions  in  which  stu- 
dents present  and  discuss  key  papers  in  cell 
biology,  and  research  seminars  by  experts  in 


69 


appropriate  fields.  The  course  covers  topics  of 
current  interest  in  cell  biology  in  the  areas  of 
cytoskeleton  and  cell  motility,  cell  cycle,  cyto- 
plasmic organization,  cell-cell  and  cell-extra- 
cellular matrix  interactions,  protein  sorting, 
organelle  biogenesis,  receptor  structure  and 
function  and  second  messenger  systems.  Of- 
fered first  and  second  quarters  by  Drs.  Fisch- 
man,  Massague,  Pardee,  Rodriguez-Boulan, 
and  staff. 

Molecular  Genetics.  Offered  jointly  with 
the  program  in  Molecular  Biology.  See  de- 
scription of  course  under  this  program.  Of- 
fered in  1991-92,  Quarters  1-IV.  Drs.  Caudy, 
Chao,  Lustig,  Neff,  Osley,  and  Traktman  (Quar- 
ters I  and  II);  Drs.  Ballinger,  Dorsett,  Jack, 
Jasin,  and  Lacy  (Quarters  III  and  IV). 

Developmental  Biology.  Principles  of  de- 
scriptive, experimental,  and  molecular  devel- 
opmental biology  are  presented,  using  several 
animal  systems  as  examples.  Early  develop- 
ment of  the  whole  organism,  and  of  cells,  tis- 
sues, and  organs  are  considered.  Prerequi- 
sites: consent  of  the  faculty.  Limited  to  15 
students.  Offered  in  alternate  years;  third  and 
fourth  quarters  in  1992—93-  Drs.  Bachvarova 
and  Bader. 

Practicum  in  Biological  Optics.  A  work- 
shop in  practical  aspects  of  light  and  electron 
microscopy.  Following  a  weekly  lecture,  stu- 
dents conduct  specific  protocols  involved  in 
electron  microscopy.  Topics  covered  include: 
tissue  fixation,  embedding  and  thin  section- 
ing; transmission  and  scanning  electron  mi- 
croscopy; shadow-casting  of  proteins  and 
nucleic  acids;  immunocytochemistry;  fluores- 
cence, phase  and  interference  microscopy; 
laser-scanning  confocal  microscopy;  image 
reconstruction;  photography.  All  participants 
are  required  to  complete  an  independent 
project.  Prerequisite:  Consent  of  instructors. 
Course  requirements  include  the  completion 
of  an  independent  project  paper.  Limited  to 
10  students.  Offered  in  alternate  years;  third 
and  fourth  quarters  in  1992—93.  Ms.  Cohen- 
Gould,  Dr.  Fischman  and  staff. 

Biophysics  for  Biologists.  In  this  new  in- 
terdisciplinary course,  concepts  and  method- 
ological approaches  in  biophysics  will  be  ap- 
plied to  current  research  problems  in  cell 
biology  and  physiology,  emphasizing  molecu- 
lar structure  and  function.  The  course  will  be 
offered  annually  with  alternating  subject  ma- 
terial. In  1992,  the  emphasis  will  be  on  pro- 
tein/nucleic acid  structure-function  relations 
and  interactions.  In  1993,  the  course  will  ad- 


dress the  structure,  dynamics  and  function  of 
membrane  lipids  and  proteins.  Two  combined 
lecture  and  research  paper  discussions  per 
week.  Fourth  quarter,  Drs.  Andersen,  Breslow, 
Pardee,  Roepe,  and  Scotto. 

Genetics.  A  new  course  in  genetics  will  be 
offered  which  will  cover  aspects  of  human  ge- 
netics in  depth.  The  course  will  present  lec- 
tures by  the  faculty  and  guest  speakers  on 
topics  which  explore  the  organization  of  the 
human  genome,  gene  mapping  and  linkage, 
cytogenetics,  genetic  factors  that  contribute 
to  normal  human  variation,  inherited  and  de 
novo  genetic  alterations  that  lead  to  disease 
states,  and  application  of  genetic  knowledge 
to  clinical  medicine.  Dr.  Chaganti  and  staff. 
Offered  in  alternate  years;  first  and  second 
quarters  in  1991-92. 

Journal  Club  Seminar  for  First-Year  Stu- 
dents. This  seminar  is  given  jointly  with  the 
Program  in  Molecular  Biology.  See  descrip- 
tion under  this  program.  Third  and  fourth 
quarters  annually.  Drs.  Caudy  and  Sheffery. 

Graduate  Student  Seminar.  This  informal 
seminar  is  designed  to  improve  graduate  stu- 
dents' skills  in  public  presentation.  On  a  rotat- 
ing basis,  students  prepare  an  oral  presenta- 
tion on  their  research  or  on  a  topic  of  their 
choice.  The  presentation  is  informally  cri- 
tiqued by  the  faculty.  First  through  fourth 
quarters,  annually.  Dr.  Robert  Benezra. 

Cell  Biology  and  Microscopic  Anatomy. 

Offered  by  the  Staff  of  the  Program  in  Cell  Bi- 
ology and  Genetics  in  conjunction  with  the 
Faculty  of  the  Cornell  University  Medical  Col- 
lege. This  course  follows  a  cellular  and  differ- 
entiative  approach  aimed  at  understanding 
the  structure-function  correlates  that  charac- 
terize the  different  tissues  and  organs.  Lec- 
tures are  complemented  by  small-group  dis- 
cussions and  laboratory  exercises  designed  to 
provide  students  with  the  skills  to  study  and 
analyze  cells  and  tissues.  A  microscope  slide 
collection,  presenting  tissues  and  organs  in  a 
variety  of  physiological  and  developmental 
states,  as  well  as  correlative  electron  micro- 
graphs, are  provided  for  individual  study  in 
the  laboratory.  Second  and  third  quarters,  an- 
nually. Drs.  Traktman  and  Chao. 

Gross  Anatomy.  Regional  anatomy  is  stud- 
ied principally  through  dissection  of  the  hu- 
man body.  Supplementing  this  technique  are 
prosections  by  instructors,  tutorial  group  dis- 
cussions, and  radiographic  and  endoscopic 
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demonstrations.  Enrollment  is  limited  and 
students  should  consult  the  staff  early  in  or- 
der to  determine  the  availability  of  places. 
First  and  second  quarters,  annually.  Drs.  Haga- 
men,  Weber,  and  the  staff. 

Immunology 

Graduate  Program  Chairman 

Kenneth  O.  Lloyd,  Sloan-Kettering  Institute, 
Kettering  Laboratory,  1275  York  Avenue, 
New  York,  NY  1002 1,  (  2 12  )  639-2257 

Graduate  Program  Director 

Janet  S.  Lee,  Sloan-Kettering  Institute, 
1275  York  Avenue,  New  York,  NY  1002 1, 
(212)639-8252 

The  program  of  study  is  developed  for  each 
student  individually  on  the  basis  of  the  stu- 
dent's interest  and  prior  experience.  Immu- 
nology students  generally  take  a  core  of  for- 
mal courses  offered  by  the  graduate  school  in 
immunology,  biochemistry,  molecular  biology, 
cell  biology  and  genetics  in  order  to  comple- 
ment their  previous  background  and  fulfill 
their  own  academic  objectives.  Participation 
in  a  graduate  student  seminar  course  is  ex- 
pected of  all  students  to  provide  experience 
in  oral  presentation.  Admission  to  Doctoral 
Candidacy  at  the  end  of  the  second  year  re- 
quires both  written  and  oral  examinations  of 
the  candidate's  general  understanding  of  im- 
munology and  related  subjects  which  are 
relevant  to  the  proposed  research.  However, 
the  main  focus  of  the  graduate  program  in  im- 
munology is  on  laboratory  research.  Each  stu- 
dent is  required  to  undertake  at  least  two  mi- 
nor research  projects  with  different  faculty 
members  prior  to  developing  a  major  re- 
search proposal  for  the  doctoral  thesis.  This 
allows  for  laboratory  experience  to  begin 
during  the  first  year  of  the  student's  program. 
By  the  third  year  the  doctoral  candidate  be- 
gins a  full-time  thesis  project  which  typically 
takes  two  to  three  years.  During  this  time  the 
student  will  continue  to  participate  in  the 
other  educational  programs  offered  by  the  In- 
stitute. These  include  a  wide  variety  of  re- 
search seminars  which  are  offered  through- 
out the  year  with  speakers  from  outside  the 
Institute.  In  addition,  the  Immunology  Pro- 
gram offers  a  series  of  colloquia  on  current 
topics  in  immunology  with  presentations  and 
discussions  led  by  Immunology  faculty 
members. 


Applicants  should  have  a  strong  undergrad- 
uate background  in  the  biological  sciences, 
including  biochemistry,  molecular  genetics, 
and  microbiology  and  are  also  expected  to 
have  some  undergraduate  laboratory  research 
experience.  The  application  requires  a  per- 
sonal statement  describing  the  student's  back- 
ground and  specific  interest  in  the  Immunol- 
ogy Program.  An  official  transcript  of  the 
student's  undergraduate  record  is  also  neces- 
sary with  at  least  two  letters  from  faculty 
members  who  can  evaluate  the  academic  po- 
tential of  the  student  in  a  Ph.D.  program  in 
Immunology.  Applicants  must  also  submit  the 
results  of  the  Graduate  Record  Exam  includ- 
ing the  advanced  test  in  Biology  or  Chemistry. 

Courses 

Immunology.  This  course  provides  a  com- 
prehensive overview  of  basic  immunology 
with  a  focus  on  recent  developments  in  many 
areas.  There  is  an  emphasis  on  current  papers 
and  experimental  approaches  to  the  study  of 
immunology. 

Topics  include  techniques  in  immunology, 
B  lymphocytes,  immunoglobulins  and  mono- 
clonal antibodies,  T  lymphocytes  and  T-cell 
clones,  immunogenetics  of  lymphocyte  differ- 
entiation antigens,  cell  mediated  immunity, 
T  cell  antigen  receptors,  natural  cytotoxicity, 
macrophage  and  other  accessory  cells,  lym- 
phokines,  and  the  major  histocompatibility 
complex  genes.  Quarters  I  and  II,  annually.  Dr. 
Lee  and  the  Immunology  Program  Faculty. 

Other  Academic  Offerings 

Colloquia  in  Immunology.  Informal  ses- 
sions are  held  monthly  between  students  and 
senior  faculty  members  to  acquaint  students 
with  the  major  research  programs  headed  by 
each  of  the  faculty  members  of  the  Immunol- 
ogy Program. 

Student  Seminar  Series.  Graduate  stu- 
dents have  an  opportunity  to  present  their 
work  in  an  informal  setting.  Quarters  I  — IV, 
annually. 

Molecular  Biology 

Graduate  Program  Chairman 

Kenneth  I.  Berns,  Department  of  Microbiol- 
ogy, Cornell  University  Medical  College, 
Room  B-308,  1300  York  Avenue,  New  York, 
NY  1002 1,  (  2 12  )  746-6505 
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Graduate  Program  Director 

Elizabeth  Lacy,  Sloan-Kettering  Institute, 
Rockefeller  Research  Laboratories,  Room 
917A,  1275  York  Avenue,  New  York,  NY 
10021,(212)639-8661 

Admission:    A  good  background  in  genetics, 
molecular  biology,  chemistry,  or  biochemistry 
is  required  of  students.  Graduate  Record  Ex- 
amination scores  in  both  the  aptitude  test  and 
an  advanced  test  ( biology,  chemistry,  or  bio- 
chemistry cell  and  molecular  biology )  are 
also  required. 

Course  Requirements:    Students  must  com- 
plete a  core  sequence  of  Graduate  Biochemis- 
try Molecular  Genetics,  Kukaryotic  Gene 
Structure  and  Function,  and  Journal  Club 
Seminar  during  their  first  year.  In  addition, 
students  participate  in  the  Graduate  Research 
Seminar  throughout  their  enrollment,  lb 
complete  the  course  requirements,  eight  ad- 
ditional quarter-equivalents  of  coursework 
must  be  taken  before  graduation  chosen  from 
a  list  of  courses  approved  by  the  Curriculum 
Committee.  This  list  currently  includes:  Nu- 
cleic Acids  Enzymology,  Cell  Biology,  Devel- 
opmental Biology,  Molecular  Virology,  Molec- 
ular Biology  of  Growth  Control  and 
Neoplastic  Transformation,  Electron  Micros- 
copy, and  Immunology. 

Laboratory  Rotations:    Students  are  re- 
quired to  rotate  through  three  laboratories. 
Laboratory  rotations  begin  immediately  after 
a  series  of  lectures  by  the  faculty  designed  to 
familiarize  students  with  the  research  under- 
way in  their  laboratories.  Rotation  periods 
are:  October— January,  February  — May,  June  — 
August.  It  is  expected  that  students  will  have 
chosen  their  thesis  mentor  by  the  start  of 
their  second  year  in  the  program. 

Admission  to  Doctoral  Candidacy:    This  ex- 
amination will  be  given  twice  each  year,  in 
April  and  September.  It  will  consist  of  two 
parts,  a  uniform  written  exam  and  an  oral  de- 
fense of  a  written  research  proposal.  The  pro- 
posal cannot  be  in  the  same  field  as  the  stu- 
dent's thesis  research.  It  is  expected  that  most 
students  will  take  this  exam  during  their  sec- 
ond year. 

Special  Committee:    A  student's  Special 
Committee  will  be  chosen  by  the  student  in 
consultation  with  his/her  mentor  when  the 
student  selects  a  laboratory  for  thesis  re- 
search. The  function  of  the  Special  Commit- 
tee is  to  evaluate  the  direction  and  progress  of 


a  student's  thesis  research  and  to  serve  as  an 
informational  resource  for  the  student. 

Curriculum  Committee:    This  committee, 
chaired  by  the  Program  Director  and  consist- 
ing of  8-  10  members  of  the  faculty,  oversees 
all  educational  aspects  of  the  program.  The 
committee  is  responsible  for  assembling  the 
curriculum,  setting  course  requirements,  ad- 
judicating student  applications  for  exemption 
from  course  requirements,  and  composing 
and  administrating  of  the  Admission-to-Candi 
dacy  Examination. 

Courses 

Eukaryotic  Gene  Structure  and  Function. 

A  semester-long  course  presenting  the  funda 
mentals  of  eukaryote  gene  structure,  expres- 
sion and  regulation.  Topics  discussed  include: 
DNA  sequence  organization,  chromatin  struc- 
ture, viral  and  cellular  RNA  transcription, 
translation  and  its  regulation,  control  of  gene 
expression  in  model  systems  and  molecular 
aspects  of  carcinogenesis.  Third  and  fourth 
quarters,  annually.  Dr.  Freedman  and  staff. 

Nucleic  Acids  Enzymology.  A  formal 
course  presenting  the  enzymological  mecha- 
nisms and  control  of  prokaryotic  and  eukary- 
otic transcription  and  DNA  replication.  En- 
zymes which  alter  DNA  structure  and  shape 
are  reviewed  and  topics  in  DNA  repair  and  re 
combination  are  also  covered.  Graduate  Bio- 
chemistry is  a  prerequisite.  First  and  second 
quarters  annually.  Drs.  Marians,  Hurwitz,  Rab- 
kin,  Holloman,  and  O'Donnell. 

Molecular  Virology.  A  formal  course  in 
which  major  emphasis  is  placed  on  the  basic 
mechanisms  in  the  biology  of  all  animal  vi- 
ruses, including  RNA  and  DNA  tumor  viruses. 
The  topics  considered  include  virus  structure 
and  composition,  assay  of  viruses  and  viral- 
specific  products,  transcription  and  replica- 
tion of  viral  nucleic  acids,  translation  of  virus- 
specific  proteins,  assembly  of  viral  particles, 
structural  and  functional  alterations  in  viral- 
infected  cells  including  transformation, 
pathogenesis  of  viral  diseases,  and  viral  genet- 
ics. Alternate  years.  Offered  third  and  fourth 
quarters,  1992-93.  Drs.  Hayward,  Besmer, 
Traktman,  Lusky,  and  staff. 

Molecular  Genetics.  This  course,  which 
is  offered  jointly  with  the  Program  in  Molecu- 
lar Biology,  focuses  on  key  topics  of  molecular 
genetics  in  bacteria  and  bacterial  viruses, 
yeast,  nematodes,  Drosophila,  and  mouse. 
The  isolation  of  mutants  and  their  analysis  by 
recombination,  complementation  and  the 
generation  of  suppressors  are  discussed  in 
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depth.  The  course  consists  of  lectures  and  in- 
teractive small-group  discussions  of  research 
papers  from  the  current  literature.  Limited  to 
36  students.  Offered  in  1991-92  as  two  se- 
quential two-quarter  courses  with  the  first  fo- 
cusing on  prokaryotic  and  simple  eukaryotic 
systems,  and  the  second  covering  complex 
eukaryotic  systems  and  special  topics.  Drs. 
Caudy  Chao,  Lustig,  Neff,  Osley  and  Traktman 
(quarters  I  and  II );  Drs.  Ballinger,  Dorsett, 
Jack,  Jasin  and  Lacy  (quarters  III  and  IV ). 

Molecular  Biology  of  Growth  Control 
and  Neoplastic  Transformation.  This 
course  focuses  on  current  efforts  to  under- 
stand the  neoplastic  cell  phenotype  from  a 
molecular  point  of  view.  The  effects  of  RNA 
and  DNA  tumor  viruses  on  host  cells  are  dis- 
cussed, in  particular  the  transformation  and/ 
or  differentiation  blocks  of  defined  cell  lin- 
eages by  certain  agents.  The  nature  and  enzy- 
matic specificities  of  viral  gene  products  re- 
sponsible for  transformation  are  compared 
with  related  products  of  normal  cellular 
genes.  The  potential  interaction  of  such  prod- 
ucts with  regulatory  systems  controlling  cell 
shape,  adhesiveness,  motility,  and  mitosis  are 
described,  as  well  as  the  possible  involvement 
of  the  same  systems  in  nonviral  neoplasias.  A 
section  of  the  course  is  devoted  to  the  molec- 
ular biology  and  biochemistry  of  cell  surface 
growth  factor-  and  polypeptide  hormone- 
receptors  and  mechanisms  of  signal  transmis- 
sion across  biological  membranes.  At  least 
part  of  the  course  consists  of  student  presen- 
tations on  relevant  subjects.  Third  and  fourth 
quarters,  alternate  years.  Offered  in  1991—92. 
Drs.  Hayward,  Besmer,  and  Brown. 

Graduate  Research  Seminar.  This 
course  represents  an  opportunity  for  all  the 
faculty  and  students  of  the  program  to  hear 
the  upper-class  students  describe  their  re- 
search in  formal  seminar  presentations.  Quar- 
ters I  —  IV,  annually.  Dr.  Lacy 

Journal  Club  Seminar  for  First-Year 
Students.  This  seminar  is  designed  to  give 
first-year  students  a  chance  to  improve  their 
skills  in  presenting  and  analyzing  scientific 
data.  Each  student  presents  two  papers  dur- 
ing the  semester.  Papers  are  chosen  by  the 
students  and  approved  by  the  instructors. 
Speakers  generally  provide  a  brief  relevant 
background  and  then  present  each  figure  in 
the  paper,  summarizing  the  experimental 
method  or  assay  used,  the  results  illustrated, 
and  the  conclusions  drawn.  Participation  by 
all  students  is  encouraged  during  the  presen- 
tation. Given  jointly  with  the  Program  in  Cell 
Biology  and  Genetics.  Annually,  third  and 
fourth  quarters,  Drs.  Caudy,  O'Donnell,  Shef- 
fery  and  Shu  man. 


Neuroscience 

Graduate  Program  Chairman 

Fred  Plum,  Department  of  Neurology  and 
Neuroscience,  Cornell  University  Medical 
College,  Rm.  A-569,  1300  York  Avenue, 
New  York,  NY  1002 1,  (  2 12  )  746-6575 

Graduate  Program  Director 

Gavril  Pasternak,  Department  of  Neurology, 
Memorial  Sloan-Kettering  Cancer  Center, 
1275  York  Avenue,  New  York,  NY  1002 1, 
(212)639-7046. 

The  Program  in  Neuroscience  provides  train- 
ing in  the  study  of  the  nervous  system.  It  in- 
cludes the  disciplines  of  neuroanatomy,  neu- 
roembryology  neurophysiology, 
neuropharmacology,  neurochemistry  neu- 
roendocrinology  molecular  biology,  and  neu- 
ropsychology and  perception.  The  program 
emphasizes  a  multidisciplinary  approach  to 
the  study  of  the  nervous  system,  based  on  the 
belief  that  future  advances  in  our  understand- 
ing of  the  nervous  system  will  be  derived 
from  the  thinking  and  research  techniques 
employed  by  more  than  one  discipline. 
Toward  this  end,  the  program  of  entering  stu- 
dents is  planned  in  consultation  with  several 
staff  members,  and  the  students  are  expected 
to  spend  some  period  of  time  working  closely 
with  members  of  the  faculty  whose  interests 
are  related  to  theirs.  In  addition,  there  are 
regularly  scheduled  seminars  during  which 
various  aspects  of  work  in  process  are  pre- 
sented and  discussed.  By  these  means,  the 
students  are  afforded  the  broadest  possible 
view  of  the  program  during  their  total  train- 
ing experience. 

The  student  majoring  in  Neuroscience  will 
be  required  to  satisfy  the  requirements  of  the 
courses  in  neuroscience  and  biostatistics  and 
courses  in  physiology,  biochemistry,  pharma- 
cology, and  genetics  as  determined  by  consul- 
tation with  the  major  and  minor  advisors.  In 
addition,  participation  in  the  seminar  pro- 
gram and  advanced  course  offerings  is  re- 
quired. Advanced  course  offerings  will 
change  from  year  to  year.  While  there  are  no 
language  requirements,  it  is  suggested  that 
the  student  achieve  mastery  of  a  modern  for- 
eign language  or  a  computer  programming 
language.  The  student  choosing  Neurosci- 
ence as  a  minor  is  required  to  participate  in 
the  neuroscience  course  and  the  seminar  pro- 
gram as  well  as  obtain  any  additional  experi- 
ence that  the  minor  sponsor  may  suggest. 
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Applicants  to  the  program  are  expected  to 
have  had  adequate  undergraduate  training  in 
biology,  organic  chemistry,  physics,  and  math- 
ematics. Graduate  Record  Examination 
scores  are  to  be  submitted  with  the  applica- 
tion. An  interview  with  the  applicant  is  con- 
sidered highly  desirable. 

Courses 

Neuroscience.  This  is  the  basic  undergrad 
uate  medical  school  course  and  is  required  of 
all  major  and  minor  candidates  in  the  pro- 
gram. It  is  a  broadly  based  course  and  intro- 
duces the  student  to  neuroanatomy  neuro- 
physiology, and  pertinent  neurology.  Fourth 
quarter  annually.  Drs.  Brooks  and  Grafstein. 

Cellular  Neuroscience.  A  required  course 
for  all  major  candidates  and  a  prerequisite  for 
the  medical  sch(x)l  Neuroscience  course.  It 
will  cover  fundamental  concepts  about  mem- 
brane potential,  nerve  cell  structure,  and  neu- 
rochemistry  and  provide  an  introduction  to 
the  problems  of  nerve  cell  degeneration,  plas- 
ticity, and  behavior.  Third  quarter,  1991-92. 
Dr.  Townes- Anderson  and  the  faculty  of  the 
Neuroscience  program. 

Neuroscience  Seminar.  Current  topics  of 
neurosciences,  not  included  or  minimally 
covered  in  the  Neuroscience  course,  are  ex- 
amined in  detail.  Fourth  quarter  with  ade- 
quate enrollment.  Drs.  Brooks  and  Grafstein. 

Neuropharmacology.  See  Program  in 
Pharmacology. 

Proseminar  in  Synaptic  Physiology.  The 

physiology  and  biophysics  of  synapses  are  ex- 
plored by  reading  and  discussion  of  seminal 
papers  in  the  original  literature.  The  first  half 
of  the  course  examines  a  model  synapse,  the 
mammalian  neuromuscular  junction,  by  intra- 
cellular recording,  voltage  clamping,  noise 
analysis,  and  patch-clamping.  Topics  in  the 
second  half  include  NMDA  receptors,  plastic- 
ity, and  neural  networks.  Fourth  quarter, 
1991-92.  Dr.  Gardner. 

Chemical  Neuroanatomy.  This  course  is 
designed  to  orient  students  to  understanding 
the  chemical  pathways  of  the  brain.  The 
course  will  discuss  contemporary  methods, 
major  transmitter  systems  and  when  possible 
will  consider  pharmacological  and  pathologi- 
cal conditions.  Neuroscience  course,  prereq- 
uisite. To  be  offered  third  quarter,  1991—92. 
Drs.  Milner  and  Aoki. 


Mathematical  Structures  in  Neurosci- 
ence. The  aim  of  this  course  is  to  provide  a 
didactic  introduction  to  a  variety  of  mathe- 
matical structures.  The  structures  are  se- 
lected both  because  of  their  proven  useful- 
ness and  their  intrinsic  interest.  The  emphasis 
will  be  on  concepts,  techniques,  and  exam- 
ples Important  theorems  will  be  discussed, 
but  in  general,  not  proven.  Rather,  they  will 
be  illustrated  through  application,  and  also 
through  counterexamples  of  would-be 
stronger  theorems.  First  quarter,  1992-93, 
with  adequate  enrollment.  Dr.  Victor. 

Molecular  Basis  of  Neurological  Disease. 
This  course  will  review  current  attempts  to 
understand  neurological  disease  from  a  mo- 
lecular point  of  view.  Students  will  develop  an 
understanding  of  the  basic  mechanisms  of 
gene  expression  and  will  learn  how  to  apply 
these  concepts  to  the  study  of  neurological 
disease.  Topics  will  include  muscular  dystro- 
phy myasthenia  gravis,  Alzheimer's  disease, 
Huntington's  disease  and  brain  tumor  biology. 
The  course  will  consist  of  both  lectures  and 
informal  discussions  of  recent  research  pa- 
pers. First  quarter,  1991-92,  with  adequate 
enrollment.  Dr.  Furneaux. 

Pharmacology 

Graduate  Program 
Co-Chairpersons 

Joseph  R.  Bertino,  Sloan-Kettering  Institute, 
Rockefeller  Research  Laboratories,  Room  601, 
1275  York  Avenue,  New  York,  NY  1002 1, 
(212)639-8230 

Lorraine  J.  Gudas,  Department  of  Pharmaco- 
logy, Cornell  University  Medical  College, 
Room  E-409,  1300  York  Ave.,  New  York,  NY 
10021,(212)746-6250 

Graduate  Program  Director 

Charles  E.  Inturrisi,  Department  of  Pharma- 
cology Cornell  University  Medical  College, 
Room  LC-524,  1300  York  Ave.,  New  York,  NY 
10021,(212)746-6235 

The  Program  in  Pharmacology  brings  to- 
gether faculty  members  from  the  Department 
of  Pharmacology,  Cornell  University  Medical 
College  and  the  Program  of  Molecular  Phar- 
macology and  Therapeutics  of  the  Sloan-Ket- 
tering Institute  for  Cancer  Research.  This  in- 
terdisciplinary faculty  provides  the  student 
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with  a  broad  spectrum  of  research  opportuni- 
ties and  advanced  courses  in  pharmacology. 

Admission:    A  strong  background  in  the  nat- 
ural sciences  and/or  health  sciences  is  re- 
quired for  admission.  Graduate  Record  Exam- 
inations in  both  the  aptitude  test  (verbal, 
quantitative  and  analytical )  and  the  advanced 
test  in  Biology  or  Chemistry  are  also 
required. 

Course  Requirements:    In  the  first  two  years 
students  are  expected  to  complete  a  core  cur- 
riculum that  may  include  the  following 
courses:  Introduction  to  Pharmacological 
Principles,  Biochemistry,  Graduate  Biochem- 
istry, Cell  Biology  and  Microscopic  Anatomy 
Physiology  and  Biophysics,  Neuroscience, 
General  Pharmacology,  Molecular  Pharmacol- 
ogy, Neuropharmacology,  and  Pharmacology 
Research  Seminar. 

Program  Supervision  and  Laboratory  Rota- 
tions.   The  Program  Director  and  the  Cur- 
riculum Committee  will  supervise  the  stu- 
dent's graduate  program  until  the  student 
selects  a  faculty  member  to  serve  as  the  major 


sponsor.  Three  laboratory  rotations  are  re- 
quired of  each  student.  These  rotations  pro- 
vide the  opportunity  for  the  student  to  partic- 
ipate in  the  diverse  research  activities  that  are 
available  within  the  Program.  This  experi- 
ence is  designed  to  assist  the  student  in  the 
selection  of  major  and  minor  sponsors  for  the 
thesis  research. 

Admission  to  Doctoral  Candidacy:    This  ex- 
amination consists  of  two  parts:  a  uniform 
written  exam  and  an  oral  exam  which  in- 
cludes discussion  of  a  written  research  pro- 
posal. It  is  expected  that  most  students  will 
take  this  exam  by  the  end  of  May  of  their  sec- 
ond year. 

Special  Committee:    The  Special  Committee 
includes  a  major  faculty  sponsor  and  two  mi- 
nor faculty  sponsors.  The  Program  Director 
will  assist  the  student  in  the  selection  of  the 
major  ( thesis )  advisor. 

Courses 

Introduction  to  Pharmacological  Princi- 
ples. This  course  is  designed  to  introduce 


the  student  to  concepts  unique  to  pharmacol- 
ogy. The  introductory  course  will  emphasize 
general  concepts  in  receptor  theory  the 
dose-response  relationship,  mechanisms  of 
drug  action  and  resistance,  pharmacokinetics, 
metaholism,  tolerance  and  dependence.  All 
iirst-year  graduate  students  in  pharmacology 
are  required  to  take  this  course,  which  is  also 
open  to  all  students  in  the  graduate  school. 
First  quarter,  annually.  Dr.  Pasternak  and  staff. 

General  Pharmacology.  This  hasic  phar- 
macology course  consists  of  lectures,  demon- 
strations, and  small  group  conferences.  The 
purpose  of  these  exercises  is  to  teach  the 
principles  of  pharmacology  to  second-year 
medical  students  and  to  graduate  students. 
Detailed  consideration  is  given  to  the  parame- 
ters of  drug  action  to  provide  the  student  with 
the  fundamental  concepts  essential  for  evalu- 
ation of  any  drug.  Consequently,  the  scientific 
basis  of  pharmacology  is  emphasized.  Proto- 
type drugs,  essentially  considered  systemi- 
cally  serve  to  illustrate  several  mechanisms 
and  parameters  of  drug  action.  Therapeutic 
applications  are  considered  insofar  as  they  il- 
lustrate principles  of  pharmacology  or  drug 
hazards.  Second  and  third  quarters,  annually. 
Dr.  Chan  and  staff. 

Neuropharmacology.  This  course  presents 
the  neuropharmacology  of  selected  drugs  and 
chemical  substances  that  affect  the  central 
nervous  system.  Emphasis  is  placed  on  molec- 
ular mechanisms  of  drug  actions  with  regard 
to  the  biochemistry  and  physiology  of  ner- 
vous tissue.  This  includes  mechanisms  of  neu- 
rotransmitter action,  and  drug  actions  that 
modify  neurotransmitter  actions.  Several 
pharmacologic  concepts  important  to  under- 
standing drug  action  on  the  nervous  system 
are  considered  throughout,  including  selec- 
tivity, specificity,  dose-response  and  receptor 
theory,  tolerance,  physical  dependence  and 
drug  abuse.  Offered  1991  —92,  fourth  quarter. 
Drs.  Okamoto,  Inturrisi  and  staff. 

Molecular  Pharmacology.  This  course  ex- 
amines drug  action  at  the  molecular  level. 
Topics  include:  interaction  of  drugs  with  ma- 
cromolecules;  drug  resistance;  membrane 
transport;  regulation  of  gene  expression;  gene 
transfer;  novel  mechanisms  of  drug  delivery, 
antiviral  agents,  antisense  and  monoclonal  an- 
tibody therapy.  Offered  1992-93,  fourth 
quarter.  Drs.  Bertino,  Scotto  and  staff. 


Pharmacology  Research  Seminar.  Topics 
of  contemporary  pharmacological  interest 
and  new  concepts  and  methodological  ap- 
proaches in  biological  research  will  be  pre- 
sented by  guest  speakers,  faculty  members  or 
students.  The  presentations  are  followed  by  a 
discussion  session  which  provides  an  oppor- 
tunity for  students  to  meet  and  talk  to  leading 
scientists  in  the  field.  Details  of  events  will  be 
announced  in  advance.  First  through  fourth 
quarters,  1991-92.  Dr.  Szeto. 

Other  Academic  Offerings 

Research  in  Pharmacology.  Research  op- 
portunities may  be  arranged  throughout  the 
year  for  graduate  students  who  are  not  major- 
ing in  pharmacology  but  who  want  some  in- 
vestigative experience  in  the  discipline.  Spe- 
cial opportunities  are  offered  for  work  on 
the  nervous  and  cardiovascular  systems  and 
in  biochemical  and  clinical  aspects  of 
pharmacology. 

Journal  Club.  This  course  is  designed  to 
improve  graduate  students'  skills  in  public 
presentation.  On  a  rotating  basis,  students 
prepare  an  oral  presentation  on  a  topic  of 
their  choice.  The  presentation  is  informally 
critiqued  by  the  faculty.  First  through  fourth 
quarters,  annually;  see  the  Program  Director 
for  further  information. 

Physiology  and  Biophysics 

Graduate  Program  Chairman 

Erich  E.  Windhager,  Department  of  Physiol- 
ogy and  Biophysics,  Cornell  University  Medi- 
cal College,  Room  C-508,  1300  York  Avenue, 
New  York,  NY  1002 1,(212)  746-6358 

Graduate  Program  Director 

Olaf  S.  Andersen,  Department  of  Physiology 
and  Biophysics,  Cornell  University  Medical 
College,  Room  LC-501,  1300  York  Avenue, 
New  York,  NY  1002 1,(212)  746-6350 

Opportunities  are  offered  toward  the  Ph.D. 
degree  in  several  areas  of  physiology  and  bio- 
physics. Ample  space  is  available,  and  labora- 
tories are  well  equipped  to  provide  predoc- 
toral  training  in  a  medical  environment. 
Interested  individuals  are  urged  to  contact 
the  Program  Chairman  before  preparing  a  for- 
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mal  application.  Letters  of  inquiry  should  in- 
clude a  discussion  of  the  educational  back- 
ground and  indicate  possible  areas  of 
emphasis  in  graduate  study.  There  has  been  a 
tendency  to  encourage  applications  from  in- 
dividuals who  have  a  probable  interest  in 
more  than  one  of  the  areas  of  physiology  rep- 
resented within  the  program. 

Admission:  Applicants  must  have  com- 
pleted courses  in  biology,  inorganic  and  or- 
ganic chemistry,  physics,  and  mathematics 
through  the  level  of  differential  and  integral 
calculus.  Additional  course  work  in  these  dis- 
ciplines at  the  undergraduate  level  is  encour- 
aged. Graduate  Record  Examination  scores  in 
both  the  aptitude  test  and  an  advanced  test 
( biochemistry,  biology,  cell  and  molecular  bi- 
ology, chemistry  or  physics)  or  an  equivalent 
test  is  also  required.  Applicants  from  abroad 
are,  in  addition,  required  to  take  the  TOEFL 
examination.  Applicants  with  otherwise  ex- 
emplary records  who  lack  certain  course  re- 
quirements will  be  considered  for  acceptance 
provided  that  they  remedy  deficiencies  while 
in  training. 

Course  Requirements:    The  course  of 
study  emphasizes  the  importance  of  teaching 
and  research  in  the  preparation  and  develop- 
ment of  individuals  for  careers  in  physiology. 
This  goal  is  achieved  by  a  combination  of  di- 
dactic courses,  seminars,  and  closely  super- 
vised research  leading  toward  the  preparation 
of  a  satisfactory  thesis. 

A  special  program  of  study  will  be  devel- 
oped for  each  student  in  consultation  with 
his  or  her  Special  Committee. 

1 .  In  the  first  two  years  students  are  ex- 
pected to  complete  a  course  curriculum 
that  may  include:  biochemistry,  cell  biol- 
ogy, molecular  biology  and  genetics,  neu- 
roscience,  pharmacology  and  physiology 
and  biophysics. 

2.  In  addition,  students  will  during  the  first 
two  years  have  two  or  three  laboratory  ro- 
tations of  about  three  months  duration.  A 
thesis  advisor  is  chosen  by  the  summer  of 
the  first  year,  and  a  Special  Committee 
consisting  of  this  major  research  advisor 
and  two  minor  advisors  is  constituted  to 
guide  students  in  their  research  prepara- 
tion. Students  start  their  thesis  research 
before  completing  their  formal  course- 
work,  but  they  are  not  admitted  to  Ph.D. 
candidacy  before  passing  the  Admission  to 
Doctoral  Candidacy  Examination  towards 
the  end  of  the  second  year. 


Courses 

Physiology  and  Biophysics.    Lectures  and 
conferences  on  body  fluids,  bioelectric  phe- 
nomena, endocrinology,  and  circulation. 
Third  quarter,  annually.  Dr.  Windhager  and 
staff.  Endocrinology  is  taught  as  an  interdisci- 
plinary course  during  two  weeks  (from  9  to 
5  )  of  this  quarter  using  hours  normally  allo- 
cated not  only  to  courses  in  physiology,  but 
also  in  cell  biology,  and  biochemistry.  Course 
coordinator:  Dr.  Greif. 

Lectures  and  conferences  on  respiration,  kid- 
ney function,  acid-base  regulation,  and  gas- 
trointestinal function;  and  a  weekly  labora- 
tory on  selected  aspects  of  physiology.  Fourth 
quarter,  annually.  Dr.  Windhager  and  staff. 

Topics  in  Membrane  Physiology.  This 
weekly  2 -hour  conference  is  designed  for 
Ph.D.  and  M.D.-Ph.D.  students  with  a  major  or 
minor  in  Physiology  and  Biophysics.  It  is  at  a 
somewhat  advanced  level,  especially  in  its 
quantitative  approach  to  physiology.  The  aims 
of  the  conference  are  to  train  students  in 
physiological  concepts,  to  facilitate  the  un- 
derstanding of  lecture  material  in  the  Physiol- 
ogy and  Biophysics  course,  and  to  establish 
close  student-faculty  contact.  Third  quarter, 
annually  Dr.  Andersen. 

Ionic  Channels.  The  course  covers  mathe- 
matical and  experimental  approaches  to  the 
topic  of  ion  movement  through  single  chan- 
nels. Minimum  of  5  students.  Prerequisite:  2 
years  of  calculus.  Fourth  quarter,  annually.  Dr. 
Andersen  and  invited  lecturers. 

Mathematical  Models  of  Membrane  Trans- 
port. The  general,  thermodynamic  descrip- 
tion of  membrane  and  epithelial  transport 
will  be  reviewed  (with  reference  to  Katchal- 
sky  Curran  and  Schultz,  Sauer,  Essig  and  Cap- 
Ian).  Comparison  with  kinetic  descriptions  of 
membrane  transport  will  be  considered 
(  Heinz,  Hill ).  The  analysis  of  composite  mem- 
brane systems  will  be  examined  (  Kedem  and 
Katchalsky )  as  a  prelude  to  the  construction 
of  epithelial  simulations  (Sackin  and  Boul- 
paep,  Weinstein  and  Stephenson  ).  Examples  of 
such  simulations  will  be  used  to  examine 
transport  along  the  kidney  tubule  under  nor- 
mal and  pathological  conditions.  Third  and 
fourth  quarters,  annually.  Dr.  Weinstein. 

Selected  Topics  in  Kidney  and  Electrolyte 
Physiology  and  Pathophysiology.  Lec- 
tures, seminars  and  demonstrations.  Topics 
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include:  1 )  (iFR,  clearance  concept,  rcab- 
SOrption  and  secretion  of  electrolytes;  2 )  con- 
centrating mechanism;  3 )  elect rophysiology 
of  the  nephron;  4 )  pathophysiology  of  potas- 
sium; 5 )  renal  hemodynamics;  6 )  control  of 
body  fluid  volume  and  tonicity;  7 )  control  of 
acid  base  balance;  8)  pathology  and  patho- 
physiology of  renal  failure.  Minimum  of  8  stu- 
dents. Fourth  quarter,  annually.  Drs.  Maack, 
Windhager  and  staff. 

Physiology  of  Cardiac  Muscle.  The  course 
is  designed  to  present  cellular  mechanisms 
which  are  involved  in  the  fundamental  pro- 
cesses of  excitation  and  contraction  of  car- 
diac muscle.  Topics  include:  1 )  action  poten- 
tial; 2 )  ion  transport;  3  contractility  (positive 
and  negative  inotropic  effects);  4 )  excitation- 
contraction  coupling;  5 )  arrhythmias; 
6 )  cardiac- 
failure.  One  laboratory  day  is  planned  for 
demonstrations  of  changes  in  action  potential 
and  twitch  tension  by  inotropic  agents.  Mini- 
mum of  5  students.  Prerequisites:  third-quar- 


ter physiology  or  equivalent.  Fourth  quarter, 
annually.  Dr.  Lee  and  invited  lecturers. 

Topics  in  Gastrointestinal  Physiology. 

lectures  and  seminars.  Topics  include: 
1  )  functional  morphology  of  stomach  and  in- 
testine; 2 )  proliferation  and  differentiation  of 
gastrointestinal  cells;  3 )  motility  of  esopha- 
gus, small  intestine  and  colon;  4 )  gastric  and 
intestinal  secretion;  pancreatic  secretion; 
5 )  lipid  absorption;  6)  intestinal  absorption  of 
calcium  and  vitamin  D;  7)  structure  and  func- 
tion of  bile  acids;  8)  gastrointestinal  hor 
mones.  Minimum:  8  students.  Fourth 
quarter,  annually.  Dr.  Lipkin  and  invited  ex- 
perts in  the  field. 

Biophysics  for  Biologists.  See  description 
under  Cell  Biology  and  Genetics.  Fourth 
quarter,  annually.  Drs.  Andersen,  Breslow,  Far- 
dee,  Roepe,  and  Scotto. 

Proseminar  in  Synaptic  Physiology.  See 

description  under  Neuroscience.  Fourth 
quarter,  annually.  Dr.  Gardner. 


Register 


University  Administration 

Frank  H.  T.  Rhodes,  President  of  the 

University 
Maiden  C.  Nesheim,  Provost 
Robert  Michels,  Provost  for  Medical  Affairs 

and  Dean  of  the  Medical  College 
James  E.  Morley,  Jr.,  Senior  Vice  President 

Norman  R.  Scott,  Vice  President  for  Research 

and  Advanced  Studies 
Henrik  N.  Dullea,  Vice  President  for 

University  Relations 
Frederick  A.  Rogers,  Vice  President  for 

Finance  and  Treasurer 
John  R.  Wiesenfeld,  Vice  President  for 

Planning 

Larry  I.  Palmer,  Vice  President  for  Academic 
Programs  and  Campus  Affairs 

M.  Stuart  Lynn,  Vice  President,  Information 
Technologies 

Richard  M.  Ramin,  Vice  President  for  Public 
Affairs 

Joycelyn  R.  Hart,  Associate  Vice  President  for 

Human  Relations 
WalterJ.  Relihanjr.,  University  Counsel  and 

Secretary  of  the  Corporation 

Graduate  School  of  Medical 
Sciences 

Administration 

Frank  H.  T.  Rhodes,  President  of  the 

University 
Alison  R  Casarett,  Dean  of  the  Graduate 

School 

Bernard  L.  Horecker,  Dean  of  the  Graduate 
School  of  Medical  Sciences,  Associate 
Dean  of  the  Graduate  School 

Dieter  H.  Sussdorf,  Associate  Dean  of  the 

Graduate  School  of  Medical  Sciences, 
Assistant  Dean  of  the  Graduate  School 

Richard  A.  Rifkind,  Director,  Sloan-Kettering 
Division 


Standing  Committees 
Executive  Committee 

Bernard  L.  Horecker,  Chair 
Kenneth  I.  Berns 
Joseph  R.  Bertino 
Donald  A.  Fischman 
Lorraine  J.  Gudas 
Charles  E.  Inturrisi 
Elizabeth  Lacy 
Kenneth  O.  Lloyd 
Joan  Massague 
Alton  Meister 
Robert  Michels 
Clarissa  Naftzger* 
Fred  Plum 
Richard  A.  Rifkind 
Dieter  H.  Sussdorf 
Erich  E.  Windhager 
Yoram  Vodovotz* 

Faculty  Advisory  Committee 

Charles  E.  Inturrisi,  Chair 
Olaf  S.  Andersen 
John  Corradi 
Bernard  L.  Horecker* 
Elizabeth  Lacy 
Janet  S.  Lee 
Robert  Michels* 
Gavril  N.  Pasternak 
Richard  A.  Rifkind* 
Julie  Rudnicki 
Dieter  H.  Sussdorf* 
Paula  Traktman 
Daniel  Wellner 

Curriculum  Committee 

Donald  A.  Fischman,  Chair 
David  B.  Dormer 
Bo  Dupont 
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Alton  Meister 
TongH.Joh 
Richard  A.  Rifkind 
Francis  M.  Sirotnak 
Dieter  H.  Sussdorf 
Erich  E.  Windhager 

Graduate  Student  Executive 
Council 

Yoram  Vodovotz,  Chair 
Zeynep  Altun 
Avery  August 
John  Corradi 
Rita  Ghosh 
Issam  Halaby 
Clarissa  Naftzger 
Hong  Peng 
S.  Craig  Rochester 
Peter  Romanienko 
Julie  Rudnicki 
Valerie  Schadlow 
John  Wittschieben 

Graduate  Student/Faculty  Liaison 
Committee 

Avery  August,  Chair 
Rita  Ghosh 
Bernard  L.  Horecker* 
Kenneth  J.  Marians 
Joel  D.  Pardee 
Hong  Peng 
Valerie  Schadlow 
Dieter  H.  Sussdorf* 

•nonvoting  member 

Faculty 

Albino,  Anthony  R,  Assistant  Professor  of  Im- 
munology. B.A.  1970,  Hunter  College  of 
the  City  University  of  New  York;  Ph.D. 
1974,  Cornell  University 

Alonso,  Daniel  R.,  Professor  of  Pathology.  M.D. 
1962,  University  of  Cuyo  (Argentina) 

Andersen,  Olaf  S.,  Professor  of  Physiology  and 
Biophysics.  Candidatus  Medicinae  1971, 
University  of  Copenhagen  (Denmark) 


Anderson,  Mary  E.,  Assistant  Professor  of  Bio- 
chemistry B.A.  1977,  Hollins  College; 
Ph.D.  1983,  Cornell  University  Gradu- 
ate School  of  Medical  Sciences 

Aoki,  Chiye,  Assistant  Professor  of  Neurosci- 
ence.  B.A.  1978,  Barnard  College,  Co- 
lumbia University;  Ph.D.  1985,  The 
Rockefeller  University 

Bachvarova,  Rosemary  E,  Professor  of  Cell  Bi- 
ology and  Anatomy.  B.A.  1961,  Radcliffe 
College;  Ph.D.  1966,  Rockefeller 
University 

Bader,  David  M.,  Associate  Professor  of  Cell 
Biology  and  Anatomy.  B.A.  1974,  Augus- 
tana  College;  Ph.D.  1978,  University  of 
North  Dakota 

Baker,  Harriet  D.,  Associate  Research  Profes- 
sor of  Neuroscience.  B.A.  1963,  Wells 
College;  M.S.  1967,  University  of  Illinois; 
Ph.D.  1976,  University  of  Iowa 

Ballinger,  Dennis  G,  Assistant  Professor  of 

Molecular  Biology.  B.A.  1978,  University 
of  Colorado;  Ph.D.  1984,  Massachusetts 
Institute  of  Technology 

Barany  Francis,  Associate  Professor  of  Micro- 
biology. B.A.  1976,  University  of  Illinois 
at  Chicago  Circle;  Ph.D.  1981,  The 
Rockefeller  University 

Benezra,  Robert,  Assistant  Professor  of  Cell 
Biology  and  Genetics.  B.A.  1975,  Uni- 
versity of  Rochester;  M  A.  1982,  Ph.D. 
1986,  Columbia  University 

Berns,  Kenneth  L,  The  R.A.  Rees  Pritchett 

Professor  of  Microbiology.  Professor  of 
Microbiology  in  Pediatrics.  A.B.  I960, 
Ph.D.  1964,  M.D.  1966,  Johns  Hopkins 
University 

Bertino,  Joseph  R.,  American  Cancer  Society 
Research  Professor.  Professor  of  Molec- 
ular Pharmacology  and  Therapeutics. 
Professor  of  Medicine.  Professor  of 
Pharmacology.  B.S.  1950,  Cornell  Uni- 
versity; M.D.  1954,  Downstate  Medical 
Center 

Besmer,  Peter,  Professor  of  Molecular  Biology. 
M.S.  1964;  Ph.D.  1969,  Eidgenossische 
Technische  Hochschule  ( Switzerland ) 

Bianco,  Celso,  Adjunct  Professor  of  Cell  Biol- 
ogy and  Anatomy.  M.D.  1966,  Escola 
Paulista  de  Medicina  (Sao  Paulo,  Brazil ) 

Biedler,  June  L,  Professor  of  Cell  Biology  and 
Genetics.  A.B.  1947,  Vassar  College; 
Ph.D.  1959,  Cornell  University 
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Bigler,  Rodney  E.,  Associate  Professor  of  Phys- 
ics in  Radiology.  B.S.  1966,  Portland 
State  College;  Ph.D.  1971,  University  of 
Texas 

Black,  Ira  B.,  Adjunct  Professor  of  Neurology 
and  Neuroscience  ( Rohert  Wood  John- 
son Medical  School).  A.B.  1961,  Colum- 
bia College;  M.I).  1965,  Harvard 
University 

Blasberg,  Ronald  G.,  Professor  of  Neurology. 
B.A.  1961,  Colgate  University;  M.D. 
1967,  Albert  Einstein  College  of 
Medicine 

Blass,  John  R,  The  Winifred  Masterson  Burke 
Professor  of  Neurology.  Professor  of 
Medicine.  A.B.  1958,  Harvard  Univer- 
sity; Ph.D.  I960,  University  of  I-ondon 
(United  Kingdom);  M.D.  1965,  Colum 
bia  University 

Boskey,  Adele  L.,  Professor  of  Biochemistry. 
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tics. B.S.Ch.E.  1981,  Rutgers  University; 
M.D.,  Ph.D.  1986,  Johns  Hopkins  Uni- 
versity School  of  Medicine 

Pulsinelli,  William  Anthony,  Professor  of  Neu- 
rology and  Neuroscience.  B.S.  1965, 
Villanova  University;  Ph.D.  1970,  M.D. 
1973,  University  of  Utah  College  of 
Medicine 
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Quimby,  Fred,  Associate  Professor  of  Pathol- 
ogy. VD.M.  1970,  University  of  Pennsyl- 
vania School  of  Veterinary  Medicine; 
Ph.D.  1974,  University  of  Pennsylvania 
Graduate  School  of  Arts  and  Sciences 

Rabkin,  Samuel  D.,  Assistant  Professor  of  Mo- 
lecular Biology.  B.Sc.  1976,  University 
of  Toronto  (Canada);  M.Sc.  1978,  He- 
brew University  of  Jerusalem  (Israel); 
Ph.D.  1983,  University  of  Chicago 

Rachele,  Julian  R.,  Professor  Emeritus  of  Bio- 
chemistry. B.A.  1934,  M.S.  1935,  Ph.D. 
1939,  New  York  University 

Ravetch,  Jeffrey  A.,  Professor  of  Molecular  Bi- 
ology B.S.  1973,  Yale  University;  Ph.D. 

1978,  The  Rockefeller  University;  M.D. 

1979,  Cornell  University  Medical 
College 

Rayson,  Barbara,  Associate  Professor  of  Physi- 
ology and  Biophysics.  Associate  Profes- 
sor of  Physiology  in  Medicine.  B.Sc. 
1972,  Ph.D.  1976,  University  of  Mel- 
bourne (Australia) 

Reeves,  John  R,  Adjunct  Associate  Professor  of 
Physiology  and  Biophysics  (Roche  In- 
stitute of  Molecular  Biology).  B.S.  1964, 
Juniata  College;  Ph.D.  1969,  Massachu- 
setts Institute  of  Technology 

Reidenberg,  Marcus  M.,  Professor  of  Pharma- 
cology. Professor  of  Medicine.  M.D. 
1958,  Temple  University  School  of 
Medicine 

Reis,  Donald  J.,  The  George  C.  Cotzias  Distin- 
guished Professor  of  Neurology.  Profes- 
sor of  Neurology  in  Psychiatry.  A.B. 
1953,  M.D.  1956,  Cornell  University 
Medical  College 

Resh,  Marilyn  D.,  Associate  Professor  of  Cell 
Biology  and  Genetics.  B.A.  1977,  Prince- 
ton University;  Ph.D.  1982,  Harvard 
University 

Rettig,  Wolfgang,  Assistant  Professor  of  Immu- 
nology. M.D.  1979,  Ph.D.  1983,  Freie 
Universitat  Berlin  (Germany) 

Riikind,  Arleen  B.,  Professor  of  Pharmacology. 
Associate  Professor  of  Medicine.  B.A. 
1960,  Bryn  Mawr  College;  M.D.  1964, 
New  York  University 

Rifkind,  Richard  A.,  Director,  Sloan-Kettering 
Division.  Professor  of  Cell  Biology  and 
Genetics.  B.S.  1951,  Yale  University; 
M.D.  1955,  Columbia  University 


Riker,  Walter  E,  Jr.,  The  Revlon  Pharmaceutical 
Professor  Emeritus  of  Pharmacology 
and  Toxicology.  Professor  Emeritus  of 
Pharmacology.  B.S.  1939,  Columbia  Uni- 
versity; M.D.  1943,  Cornell  University 
Medical  College 

Robertson,  Hugh  D.,  Associate  Professor  of 
Biochemistry.  B.A.  1964,  Harvard  Col- 
lege; Ph.D.  1969,  The  Rockefeller 
University 

Rodriguez-Boulan,  Enrique,  The  Joseph  C. 
Hinsey  Professor  of  Cell  Biology  and 
Anatomy.  B.A.  1963,  National  College  of 
Buenos  Aires;  M.D.  1970,  University  of 
Buenos  Aires  (Argentina) 

Roepe,  Paul  D.,  Assistant  Professor  of  Molecu- 
lar Pharmacology  and  Therapeutics. 
B.A.  1982,  M  A.  1984,  Ph.D.  1987,  Bos- 
ton University 

Rothman,  James  E.,  Professor  of  Cell  Biology 
and  Genetics.  B.A.  1971,  Yale  College; 
Ph.D.  1976,  Harvard  Medical  School 

Rottenberg,  David  A.,  Adjunct  Professor  of 
Neuroscience  and  Neurology  (  Univer- 
sity of  Minnesota).  B.A.  1963,  University 
of  Michigan;  M.Sc.  1967,  University  of 
Cambridge  (  United  Kingdom );  M.D. 
1969,  Harvard  University 

Rubin,  Albert  L.,  Professor  of  Biochemistry. 
Professor  of  Surgery.  Professor  of  Medi- 
cine. M.D.  1950,  Cornell  University 
Medical  College 

Ruggiero,  David  A.,  Associate  Research  Pro- 
fessor of  Neuroscience.  B.A.  1972, 
Queens  College  of  the  City  University 
of  New  York;  M  A.  1976,  M.  Phil.  1977, 
Ph.D.  1977,  Columbia  University 

Russo,  Carlo,  Associate  Professor  of  Medicine. 
M.D.  1977,  University  of  Genova  Medi- 
cal School  ( Italy ) 

Sackin,  Henry  J.,  Associate  Professor  of  Physi- 
ology and  Biophysics.  B.A.,  B.S.  1970, 
M.S.  1971,  Brown  University;  Ph.D. 
1978,  Yale  University 

Saltiel,  Alan  R.,  Adjunct  Assistant  Professor 

(The  Rockefeller  University).  A.B.  1975, 
Duke  University;  Ph.D.  1980,  University 
of  North  Carolina 

Santos-Buch,  Charles  A.,  Professor  of  Pathol- 
ogy. A.B.  1953,  Harvard  University; 
M.D.  1957,  Cornell  University  Medical 
College 
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Saxena,  Brij  B.,  Professor  of  Endocrinology  in 
Obstetrics  and  Gynecology.  Ph.D.  1954, 
University  of  Lucknow  ( India );  I). Sc. 
1957,  University  of  Miinster  (Germany ); 
Ph.D.  1961,  University  of  Wisconsin 

Scheinberg,  David  A.,  Assistant  Professor  of 
Molecular  Pharmacology  and  Thera- 
peutics. A.B.  1977,  Cornell  University; 
M.D.,  Ph.D.  1983,  Johns  Hopkins  Uni- 
versity School  of  Medicine 

Schubert,  Edward  T,  Associate  Professor  of 
Biochemistry  in  Clinical  Pathology.  As- 
sociate Professor  of  Clinical  Biochem- 
stry.  Assistant  Professor  of  Biochemis- 
try in  Pediatrics.  B.S.  1949,  M.S.  1952, 
Ph.D.  1959,  Eordham  University 

Schwab,  Rise,  Assistant  Professor  of  Immunol- 
ogy in  Medicine.  B.S.  1971,  State  Univer- 
sity of  New  York  at  Stony  Brook;  Ph.D. 
1981,  Cornell  University 

Schwartz,  Morton  K.,  Professor  of  Molecular 
Pharmacology  and  Therapeutics.  B.A. 
1948,  Lehigh  University;  Ph.D.  1952, 
Boston  University 

Scotto,  Kathleen  Weihs,  Assistant  Professor  of 
Molecular  Pharmacology  and  Thera- 
peutics. B.S.  1977,  St.  John's  University; 
Ph.D.  1983,  Cornell  University  Gradu- 
ate School  of  Medical  Sciences 

Sechzer,Jeri  A.,  Associate  Professor  of  Psy- 
chology in  Psychiatry.  B.S.  1956,  New 
York  University;  M  A.  1961,  Ph.D.  1962, 
University  of  Pennsylvania 

Senterfit,  Laurence  B.,  Professor  of  Microbiol- 
ogy Professor  of  Pathology.  B.S.  1949, 
M.S.  1950,  University  of  Florida;  Sc.D. 
1955,  Johns  Hopkins  LIniversity 

Sheffery  Michael  B.,  Associate  Professor  of 

Molecular  Biology.  A.B.  1975,  M.S.  1977, 
Ph.D.  1981,  Princeton  University 

Shuman,  Stewart,  Assistant  Professor  of  Mo- 
lecular Biology.  B.A.  1976,  Wesleyan 
University;  M.D.,  Ph.D.  1983,  Albert 
Einstein  College  of  Medicine 

Silagi,  Selma,  Professor  Emeritus  of  Genetics 
in  Obstetrics  and  Gynecology.  B.A. 
1936,  Hunter  College  of  the  City  Uni- 
versity of  New  York;  M.A.  1938,  Colum- 
bia University;  Ph.D.  1961,  Columbia 
University 


Silverstein,  Roy  L,  Assistant  Professor  of  Medi 
cine.  B.S.  1975,  Brown  University;  M.I). 
1979,  Emory  University  School  of 
Medicine 

Sirlin,  Julio  L.,  Professor  of  Cell  Biology  and 
Anatomy.  Professor  of  Cell  Biology  in 
Obstetrics  and  Gynecology  D.Sc.  1953, 
University  of  Buenos  Aires  (Argentina) 

Sirotnak,  Francis  M.,  Professor  of  Molecular 
Pharmacology  and  Therapeutics.  B.S. 
1950,  University  of  Scranton;  M.S.  1952, 
University  of  New  Hampshire;  Ph.D. 
1954,  University  of  Maryland 

Siskind,  Gregory  W.,  Professor  of  Medicine. 
B.A.  1955,  Cornell  University;  M.D. 
1959,  New  York  University 

Smith,  Gerard  R,  Professor  of  Psychiatry  B.S. 
1956,  St.  Joseph's  College;  M.D.  I960, 
University  of  Pennsylvania 

Soffer,  Richard  L,  Professor  of  Medicine.  Pro- 
fessor of  Biochemistry.  B.A.  1954,  Am- 
herst College;  M.D.  1958,  Harvard 
University 

Sonenberg,  Martin,  Professor  of  Cell  Biology 
and  Genetics.  Professor  of  Medicine. 
B.S.  1941,  University  of  Pennsylvania; 
M.D.  1944,  Ph.D.  1952,  New  York 
University 

Staiano-Coico,  Lisa,  Associate  Professor  of  Mi- 
crobiology in  Surgery.  B.S.  1976,  Brook- 
lyn College  of  the  City  University  of 
New  York;  Ph.D.  1981,  Cornell  Univer- 
sity Graduate  School  of  Medical 
Sciences 

Stenzel,  Kurt  H.,  Professor  of  Biochemistry. 

Professor  of  Surgery.  Professor  of  Medi- 
cine. B.S.  1954,  New  York  University; 
M.D.  1958,  Cornell  University  Medical 
College 

Stephenson,  John  L.,  Professor  of  Biomathe- 
matics  in  Physiology  and  Biophysics. 
B.A.  1943,  Harvard  University;  M.D. 
1949,  University  of  Illinois 

Sternberg,  Stephen  S.,  Professor  of  Molecular 
Pharmacology  and  Therapeutics.  B.A. 
194 1,  Colby  College;  M.D.  1944,  New 
York  University 

Stokes,  Peter  E.,  Professor  of  Medicine.  Profes- 
sor of  Psychiatry.  B.S.  1948,  Trinity  Col- 
lege; M.D.  1952,  Cornell  University 
Medical  College 
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Stutman,  Osias,  Professor  of  Immunology.  B.A. 
1950,  Colegio  Nacional  Sarmiento  (Ar- 
gentina); M.D.  1957,  Buenos  Aires  Uni- 
versity Medical  School  (Argentina) 

Sussdorf,  Dieter  H.,  Associate  Dean,  Associate 
Professor  of  Microbiology.  B.A.  1952, 
University  of  Missouri;  Ph.D.  1956,  Uni- 
versity of  Chicago 

Szeto,  Hazel  H.,  Associate  Professor  of  Phar- 
macology. B.S.  1972,  Indiana  University; 
M.D.  1977,  Cornell  University  Medical 
College;  Ph.D.  1977,  Cornell  University 
Graduate  School  of  Medical  Sciences 

Tate,  Suresh  S.,  Associate  Professor  of  Bio- 
chemistry. B.Sc.  1958,  M.Sc.  I960,  Uni- 
versity of  Baroda  (India);  Ph.D.  1963, 
University  of  London  (  United  Kingdom ) 

Tempst,  Paul,  Associate  Professor  of  Molecu- 
lar Biology.  B.S.  1976,  Ghent  State  Uni- 
versity (Belgium);  Ph.D.  1981,  Ghent 
University  (  Belgium ) 

Townes-Anderson,  Ellen,  Associate  Professor 
of  Physiology  and  Biophysics.  Associate 
Professor  of  Physiology  in  Ophthalmol- 
ogy. B.A.  1968,  Connecticut  College; 
M  A.  1971,  University  of  California  at 
Berkeley;  Ph.D.  1980,  Boston  University 
School  of  Medicine 

Traktman,  Paula,  Associate  Professor  of  Cell 
Biology  and  Anatomy.  Associate  Profes- 
sor of  Cell  Biology  and  Anatomy  in  Mi- 
crobiology. A.B.  1974,  Radcliffe  College, 
Harvard  University;  Ph.D.  1981,  Massa- 
chusetts Institute  of  Technology 

Udenfriend,  Sidney,  Adjunct  Professor  of  Bio- 
chemistry. B.S.  1939,  City  College  of  the 
City  University  of  New  York;  M.S.  1942, 
Ph.D.  1948,  New  York  University 

Victor,  Jonathan  D.,  Professor  of  Neurology 
and  Neuroscience.  B.A.  1973,  Harvard 
University,  Ph.D.  1979,  The  Rockefeller 
University;  M.D.  1980,  Cornell  Univer- 
sity Medical  College 

Volpe,  Bruce  T,  Associate  Professor  of  Neurol- 
ogy and  Neuroscience.  B.S.  1969,  Yale 
College;  M.D.  1973,  Yale  University 
School  of  Medicine 

Wagner,  John  A.,  Professor  of  Neurology  and 
Neuroscience.  B.S.  1970,  Loras  College; 
Ph.D.  1975,  Princeton  University 

Wahlestedt,  Claes  R.,  Assistant  Professor  of 
Neuroscience.  M.D.  1984,  Ph.D.  1987, 
University  of  Lund  ( Sweden  ) 


Watanabe,  Kyoichi  A.,  Professor  of  Molecular 
Pharmacology  and  Therapeutics.  Ph.D. 
1963,  Hokkaido  University  (Japan  ) 

Weinstein,  Alan  M.,  Associate  Professor  of 
Physiology  and  Biophysics.  Associate 
Professor  of  Medicine.  A.B.  1971, 
Princeton  University;  M.D.  1975,  Har- 
vard University 

Weksler,  Babette  B.,  Professor  of  Medicine. 
B.A.  1958,  Swarthmore  College;  M.D. 
1963,  Columbia  University 

Weksler,  Marc  E.,  The  Irving  Sherwood  Wright 
Professor  of  Geriatrics  in  Medicine. 
B.A.  1958,  Swarthmore  College;  M.D. 
1962,  Columbia  University 

Wellner,  Daniel,  Associate  Professor  of  Bio- 
chemistry. A.B.  1956,  Harvard  Univer- 
sity; Ph.D.  1961,  Tufts  University 

White,  Perrin  C,  Associate  Professor  of  Pedi- 
atrics. A.B.  1972,  Harvard  University; 
M.D.  1976,  Harvard  Medical  School 

Wiedmann,  Martin,  Assistant  Professor  of  Cell 
Biology  and  Genetics.  Diplom  1975, 
University  of  Greifswald  (Germany ); 
Ph.D.  1979,  University  of  Potsdam 
(Germany) 

Windhager,  Erich  E.,  The  Maxwell  M.  Upson 
Professor  of  Physiology  and  Biophysics. 
M.D.  1954,  University  of  Vienna 
(Austria) 

Yang,  Soo  Young,  Associate  Professor  of  Im- 
munology. M.S.  1972,  Minnesota  State 
University;  Ph.D.  1981,  New  York 
University 

Zakim,  David,  The  Vincent  Astor  Distin- 
guished Professor  of  Medicine.  B.A. 
1956,  Cornell  University;  M.D.  1961, 
State  University  of  New  York  Down- 
state  Medical  Center 


Degree  Recipients  1990-91 

Doctors  of  Philosophy 

Barnhart,  Kerry  M.,  B.S.  1983,  M.S.  1985,  Uni- 
versity of  Arizona;  Molecular  Biology, 
Professor  Michael  Sheffery.  Thesis: 
"Identification  and  Characterization  of 
Multiple  Murine  Erythroid  Transcrip- 
tion Factors." 
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Bauchwitz,  Robert  P,  B.A.  1982,  Harvard  Uni- 
versity; Molecular  Biology,  Professor 
William  Holloman.  Thesis:  "Cloning 
and  Characterization  of  the  Rec2  Gene 
of  Ustilago  Maydis. " 

Bayer,  Virginia  E.,  B.A./B.S.  1981,  University  of 
California;  Neuroscience,  Professor  Vir- 
ginia M.  Pickel.  Thesis:  "Mesocortico- 
limbic  Dopamine  Circuitry:  An  Ultra- 
structural  Analysis." 

Berger,  Scott  B.,  B.A.  1983,  Emory  University, 
Neuroscience,  Professor  Donald  J.  Reis. 
Thesis:  "Three-Dimensional,  Volumet- 
ric Analysis  of  Regions-of-Difference: 
Application  to  Studies  of  Rat  Brain." 

Chiu,  Chang-Fang,  M.D.  1980,  Taipei  Medical 
College,  China;  Cell  Biology  and  Genet- 
ics, Professor  Magdalena  Eisinger.  The- 
sis: "The  Role  of  Protein  Kinase  C  in 
Growth  Regulation  of  Human  Mela- 
noma Cells." 

Dicker,  Adam  R,  B.A.  1984,  Columbia  Univer- 
sity; Pharmacology,  Professor  Joseph  R. 
Bertino.  Thesis:  "Molecular  Characteri- 
zation of  Mutations  in  the  Dihydrofolate 
Reductase  Gene  That  Result  in  Metho- 
trexate Resistance." 

Escandon,  Enrique  M.,  B.S.  1985,  Universidad 
Nacional  Autonoma  de  Mexico,  Cell  Bi- 
ology and  Genetics,  Professor  Moses  V. 
Chao.  Thesis:  "Regulation  and  Charac- 
terization of  the  NGF  Receptor  During 
Central  Nervous  System  Development." 

Febbraio,  Maria,  B.S.  1982,  Fordham  Univer- 
sity; Microbiology,  Immunology,  and  Pa- 
thology, Professor  Roy  L.  Silverstein. 
Thesis:  "Identification  and  Characteri- 
zation of  an  Activation-Dependent 
Platelet  Glycoprotein,  LAMP-1." 

Fotheringham,  R.  Scott,  B.Sc.  1985,  University 
of  Guelph  (Canada );  Molecular  Biology, 
Professor  William  Holloman.  Thesis: 
"Genetics  Control  of  Mitotic  Recombi- 
nation in  Ustilago  Maydis. " 

Gundersen,  Doris  I.,  B.A.  1977,  Clark  Univer- 
sity; Cell  Biology  and  Genetics,  Profes- 
sor Enrique  Rodriguez-Boulan.  Thesis: 
"Reversed  Polarity  in  Retinal  Pigment 
Epithelium." 


Kim,  Chul  Geun,  B.S.  1981,  Han  Yang  Univer- 
sity; M.S.  1983,  Seoul  National  Uni- 
versity; Molecular  Biology,  Professor 
Michael  Sheffery.  Thesis:  "The  Tran- 
scriptional Regulation  of  a-globin  Gene 
Expression:  Purification  and  Biochemi- 
cal Characterization  of  Multiple  Tran- 
scription Factors." 

Lisanti,  Michael  R,  B.A.  1985,  New  York  Uni- 
versity; Cell  Biology  and  Genetics,  Pro- 
fessor Enrique  Rodriguez-Boulan.  The- 
sis: "Glycophospholipid  Membrane 
Anchoring  Functions  as  an  Apical  Tar- 
geting Signal  in  Polarized  Epithelial 
Cells." 

Maher,  KevinJ.,  B.S.  1987,  Manhattan  College; 
Microbiology,  Immunology,  and  Pathol- 
ogy, Professor  Carl  G.  Becker.  Thesis: 
"Tobacco  Glycoprotein  Mediated  Alter- 
ations of  Plasmin(  ogen )  Function." 

Maki,  Robert  G,  B.A.  1985,  Northwestern  Uni- 
versity; Immunology,  Professor  Lloyd  J. 
Old.  Thesis:  "The  Human  Homologue 
of  the  Mouse  Tumor  Rejection  Antigen 

gp96." 

Mandell,  James  W,  A.B.  1984,  Cornell  Univer- 
sity; Neuroscience,  Professor  Ellen 
Townes- Anderson.  Thesis:  "Studies  on 
Retinal  Synapses:  Molecular  Heteroge- 
neity and  Structural  Plasticity." 

Marino,  Michael  W,  B.A.  1983,  Skidmore  Col- 
lege; M.S.  1985,  University  of  Texas; 
Cell  Biology  and  Genetics,  Professor 
David  B.  Dormer.  Thesis:  "Phosphoryla- 
tion of  the  Protooncogene  Product  elF- 
4E  is  a  Commun  Cellular  Response  to 
Tumor  Necrosis  Factor." 

Nussenzveig,  Daniel  R,  M.D.  1980,  University 
of  Sao  Paulo;  Physiology  and  Biophys- 
ics, Professor  Thomas  Maack.  Thesis: 
"Cellular  Mechanisms  of  the  Clearance 
Function  of  Type  c  Receptors  of  Atrial 
Natriuretic  Factor." 

Parada,  Camilo  A.,  B.S.  1978,  Catholic  Univer- 
sity of  Valparaiso,  Chile;  Molecular  Biol- 
ogy, Professor  Kenneth  J.  Marians.  The- 
sis: "Role  of  Transcriptional  Activation 
in  Alternate  Pathways  of  Initiation  of 
pBR  322  DNA  Replication  in  vitro." 
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Patil,  NilaJ.,  B.A.  1980,  University  of  Buffalo; 
Cell  Biology  and  Genetics,  Professor 
Moses  V  Chao.  Thesis:  'Expression  of 
Nerve  Growth  Factor  Receptor  in 
Transgenic  Mice." 

Pearse,  Roger  N.,  B.A.  1977,  Dartmouth  Col- 
lege; Microbiology,  Immunology  and 
Pathology  Professor  Carl  G.  Becker. 
Thesis:  "Characterization  of  a  Bradyki- 
nin  Receptor." 

Pincus,  David  W,  B.S.  1985,  Yale  University; 
Neuroscience,  Professor  Ira  B.  Black. 
Thesis:  "Neuropeptide  Regulation  of 
Neuronal  Development." 

Russell,  David  S.,  B.A.  1982,  Oberlin  College; 
Molecular  Biology,  Professor  Ora  M.  Ro- 
sen. Thesis:  "Studies  on  the  Human  In- 
sulin Factor." 

Sgouros,  George,  B.S.  1984,  Columbia  Univer- 
sity; Physiology  and  Biophysics,  Profes- 
sor Rodney  E.  Bigler.  Thesis:  "The  Ef- 
fects of  Ionizing  Radiation  on  Brain 
Metabolism  of  Glucose:  Radiation-In- 
duced Activation  of  the  Pentose  Phos- 
phate Pathway." 

Solomon,  David  H.,  A.B.  1982,  Oberlin  College 
(Canada);  Immunology  Professor  Yvon 
Cayre.  Thesis:  "Regulation  of  Fructose- 
1,6-Bisphosphatase  Expression  During 
Monocytic  Differentiation." 

Sordillo,  Emilia  Mia,  A.B.  1976,  Harvard  Uni- 
versity; M.D.  1980  Cornell  University 
Medical  College;  Immunology,  Profes- 
sor Robert  A.  Good.  Thesis:  "Evolution 
of  Severe  Combined  Immunodefi- 
ciency in  Mice  Treated  with  2' 
Deoxycoformycin." 

Straub,  Richard  E.,  B.A.  1982,  New  College; 
Cell  Biology  and  Genetics,  Professor 
Marvin  C.  Gershengorn.  Thesis: 
"Expression  Cloning  and  Characteriza- 
tion of  a  cDNA  Encoding  the  Mouse  Pi- 
tuitary Thyrotropin-Releasing  Hor- 
mone Receptor." 

Sullenger,  Bruce  A.,  B.S.  1986,  Colgate  Univer- 
sity; Molecular  Biology  Professor  Eli 
Gilboa.  Thesis:  "Development  of  a 
tRNA  Based  Transcription  System  to 
Render  Cells  Resistant  to  Viral 
Replication." 


Tan,  Jimmy  C,  B.S.  1985,  Ateneo  de  Manila, 
Philippines;  Molecular  Biology,  Profes- 
sor Peter  Besmer.  Thesis:  "Molecular 
Basis  of  Murine  White-Spotting  ( W ) 
Phenotypes:  Mutations  in  the  C-Kit 
Proto-Oncogene." 

Wong,  Gwendolyn  T,  B.S.  1984,  McMaster 

University  ( Canada );  Molecular  Biology, 
Professor  Elizabeth  Lacy.  Thesis:  "Stud- 
ies on  the  Structure  and  Expression  of 
the  Human  CD4  Gene." 

Wu,  Kai-Yuan,  B.A.  1983,  New  York  Univer- 
sity; Cell  Biology  and  Genetics,  Profes- 
sor Martin  Sonenberg.  Thesis:  "In  Vi- 
tro Study  of  Bovine  Growth  Hormone 
Fragments — Dissociation  of  Growth 
Hormone  Actions." 

Yan,  Hai,  B.S.  1982,  Nanjing  University,  P  R. 
China;  Cell  Biology  and  Genetics,  Pro- 
fessor Moses  V  Chao.  Thesis:  "Func- 
tional Analysis  of  Human  p75  Nerve 
Growth  Factor  Receptor." 

Masters  of  Science 

Cuerdon,  Elizabeth  E,  B.S.  1985,  Siena  Col- 
lege; Microbiology,  Immunology,  and  Pa- 
thology, Professor  Constance  Davis  Roth- 
ermel.  Thesis:  "Chlamydia  trachomatis 
Induces  Human  Peripheral  Blood  Mono- 
nuclear Cells  to  Proliferate  and  Produce 
Interleukin  2  and  Gamma-Interferon." 

Hodgins,  Gregory  W  L.,  B.Sc.  1985,  University 
of  Toronto  ( Canada );  Molecular  Biology, 
Professor  William  Holloman.  Thesis: 
"Identification  of  an  ATP-independent 
Strand  Transfer  Activity  in  Human  Cells." 

Pitarresi,  Tina,  B.A.  1983,  Rutgers  University; 
Physiology  and  Biophysics,  Professor 
Jean  E.  Sealey.  Thesis:  "Reversible 
Cryoactivation  of  Recombinant  Human 
Prorenin." 


Students  1991-92 

Candidates  for  the  Degree  of 
Doctor  of  Philosophy 

Entering  Students 

Brown,  George  R  (Neuroscience).  B.S.  1990, 
Fordham  University.  Worcester, 
Massachusetts 
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Chen,  Bihua  (Molecular  Biology ).  B.S.  1990, 
Fudan  University  (China).  Zhejiang,  F  R. 
China 

Deng,  Liang  (Cell  Biology  and  Genetics).  B.S. 
1991,  University  of  Rochester.  Huzhou 
City,  R  R.  China 

DiBenedetto,  Cheryl  ( Immunology ).  B.A. 

1991,  New  York  University.  Teaneck,  New 
Jersey 

Egan,  David  A.  (Neuroscience).  B.Sc.  1991, 
University  of  Limerick  ( Ireland ).  Limer- 
ick, Ireland 

Espinoza,  Kathryn  G.  (Neuroscience).  B.S. 
1989,  Hofstra  Univesity.  Port  Washington, 
New  York 

Fang,  Linhua  ( Molecular  Biology).  B.S.  1985, 
Zhejiang  Medical  University  (China);  M.S. 

1989,  Peking  Union  Medical  College 
(China).  Zhejiang,  R  R.  China 

Gibbs,  Emma  E.  ( Molecular  Biology ).  B.Sc. 
1988,  M.Sc.  199L  University  of  Auckland 
( New  Zealand ).  Auckland,  New  Zealand 

Goriely,  Anne  E.  (Cell  Biology  and  Genetics). 
Ingenieur  Agronomie  1988,  Universite 
Libre  de  Bruxelles  (  Belgium ).  Watermael- 
Boitsfort,  Belgium 

Grills,  George  S.  (Cell  Biology  and  Genetics). 
B.S.  1989,  Columbia  University.  New 
York,  New  York 

Hamilton,  Sarah  K  ( Immunology ).  B.S.  199  L 
Bates  College.  Royal  Oak,  Michigan 

Hatini,  Victor  ( Molecular  Biology).  B.A.  1989, 
Hebrew  University  of  Jerusalem  (Israel); 
M.Sc.  199L  Weizmann  Institute  of  Sci- 
ence ( Israel ).  Jerusalem,  Israel 

Jin,  Fen  Yu  ( Immunology ).  B.M.  1990,  Beijing 
Medical  University  (China).  Beijing,  P  R. 
China 

Lemon,  Bryan  D.  (  Molecular  Biology  ).  B.S. 
1991,  University  of  Delaware.  Havre  de 
Grace,  Maryland 

Li,  Bibo  ( Physiology  and  Biophysics).  B.S. 

1990,  Peking  University  (China).  Beijing, 
P  R.  China 

Li,  Tao  (Molecular  Biology).  B.S.  1988,  Beijing 
Normal  University  (China);  M.S.  199 1,  In- 
stitute of  Microbiology,  Academia  Sinica 
(China).  Hunan  Province,  P  R.  China 

Liujing  (Biochemistry).  B.S.  1987,  Peking  Uni- 
versity (China).  Tianjin,  R  R.  China 


Liu,  Ke  ( Molecular  Biology ).  B.M.  1984,  Henan 
Medical  University  (China);  M  M.  1988 
National  Institute  for  the  Control  of  Phar 
maceutical  and  Biological  Products 
(China).  Neixiang,  P  R.  China 

MacMicking, John  (Immunology).  B.S.  1991, 
Australian  National  University.  Temora, 
Australia 

Molano,  Alberto  (Immunology ).  M.D.  1988, 
Colegio  Mayor  de  Nuestra  Senora  del  Ro- 
sario,  School  of  Medicine  (Colombia ). 
Bogota,  Colombia 

Netzer,  William  J.  (Immunology ).  B.S.  1971, 
Brooklyn  College,  Brooklyn,  New  York 

Ng,  Yik-Bing Jenny  ( Molecular  Biology).  B.  Sc. 

1987,  University  of  Calgary  ( Canada ). 
Hong  Kong 

Niu,  Hongwu  (Molecular  Biology).  B.S.  1988, 
M.A.  199 1,  Peking  University  (  China ). 
Shanghai,  R  R.  China 

Oh, Jooyeon  (Molecular  Biology).  B.S.  199L 
California  State  Polytechnic  University, 
Seoul,  Korea 

Polyak,  Kornelia  (Molecular  Biology).  M.D. 
1991,  Albert  Szent-Gyorgyi  Medical  Uni- 
versity ( Hungary ).  Jaszbereny,  Hungary 

Rao,  Prakash  K  (Immunology).  B.A.  1991,  Uni- 
versity of  California,  Santa  Barbara.  Gobi- 
chettypalayam,  India 

Ryeom,  Sandra  W.  (  Cell  Biology  and  Genetics ). 
B.A.  1989,  Wellesley  College.  Los  Ange 
les,  California 

Sekiguchi,JoAnn  M.  (Molecular  Biology).  B.S., 
B.A.  1987,  University  of  California,  Davis. 
Ann  Arbor,  Michigan 

Thio,  Guene  L.  (Molecular  Biology).  B.A.  1991, 
University  of  Pennsylvania.  Cleveland, 
Ohio 

Todorov,  Zlatko  V  (Molecular  Biology).  B.S. 
199 1,  Bucknell  University.  Plovdiv, 
Bulgaria 

Tong,  Youzhi  (Pharmacology).  B.S.  1984,  M.S. 

1988,  Peking  University  (China).  Shang- 
hai, R  R.  China 

Tortorelli,  Valeria  (Immunology).  B.S.  1990, 
Georgetown  University.  Taranto,  Italy 

Tsai,  Jason  (Physiology  and  Biophysics).  B.S. 
199L  Pennsylvania  State  University.  Tai- 
wan, Republic  of  China 
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Turner, Jennifer  L.  (Molecular  Biology).  B.S. 
1991,  William  Smith  College.  Wilming 
ton,  Delaware 

Vosseller,  Keith  A.  (Molecular  Biology).  B.A. 

1988,  Miami  University  Frankfurt, 
Germany 

Wang,  Shu  (Molecular  Biology).  B.S.  1990, 
Nankai  University  (China).  Changsha, 
P  R.  China 

Wang,  Yan  (Biochemstry).  B.S.  1986,  Peking 
University  (China).  Beijing,  R  R.  China 

Weber,  Lawrence  W.  (Pharmacology).  B.S. 
1991,  Rensselaer  Polytechnic  Institute. 
Syracuse,  New  York 

Weis,  Frances  M.  B.  (Cell  Biology  and  Genet- 
ics). B.S.  1987,  College  of  St.  Elizabeth; 
M.Sc.  1991,  University  of  Massachusetts 
Graduate  School  of  Biomedical  Sciences. 
Trenton,  New  Jersey 

Xuan,  Shouhong  (Cell  Biology  and  Genetics). 
B.S.  1985,  Sichuan  University  (China). 
Kunming,  R  R.  China 

Yan,  Wei  (Cell  Biology  and  Genetics).  B.S. 
1987,  Peking  University  (China).  Xian, 
R  R  China 

Yan,  Yan  (Physiology  and  Biophysics).  B.S. 
1991,  Peking  University  (China).  Wuhan 
City,  R  R.  China 

Yao,  Nina  Ye-Hua  (Molecular  Biology).  B.Sc. 
1991,  University  of  Toronto  (Canada).  Ot- 
tawa, Canada 

Zhong,  Fengming (Molecular  Biology).  B.M. 
1984,  M  M.  1990,  Zhejiang  Medical  Uni- 
versity (China).  Tongxiang,  Zhejiang, 
R  R  China 

Zhou,  Wenjun  (Pharmacology ).  B.S.  1989,  Fu 
dan  University  (China).  Hubei,  R  R.  China 

Continuing  Students 

Abraham,  Dicky  G.  (Biochemistry).  M.S.  1987, 
Indian  Institute  of  Technology.  Kuwait 
City,  Kuwait 

Ann, Jong C.  (Molecular  Biology ).  B.S.  1979, 
Seoul  National  University;  M.S.  1981,  Ko- 
rea Advanced  Institute  of  Science  and 
Technology.  Seoul,  Korea 

Alroy,  Iris  (Cell  Biology  and  Genetics).  B.S. 

1989,  Tel  Aviv  University.  Tel  Aviv,  Israel 

Altun,  Zeynep  F  ( Neuroscience ).  M.D.  1985, 
Istanbul  Faculty  of  Medicine,  Trabzon, 
Turkey 


'Arnold,  James  B.  (Neuroscience).  B.A.  1982, 
Columbia  College.  New  York,  New  York 

August,  Avery  (Immunology).  B.A.  1987,  Uni- 
versity of  California,  Los  Angeles.  Belize 
City,  Belize 

Banner ji,  Rajat  (Molecular  Biology).  B.A.  1986, 
Cornell  University.  Durgapur,  India 

Bannish,  Gregory  ( Immunology ).  B.S.  1990, 
University  of  Massachusetts,  Amherst. 
Springfield,  Massachusetts 

Battleman,  David  (Cell  Biology  and  Genetics). 
B.A.  1988,  Johns  Hopkins  University. 
Queens,  New  York 

Becker,  Murray  D.  (  Physiology  and  Biophys- 
ics). B.A.  1985,  University  of  Chicago. 
Chicago,  Illinois 

Berg,  Margaret  (Cell  Biology  and  Genetics). 
B.S.  1985,  University  of  Illinois;  M.S.  1987, 
Cornell  University.  Chicago,  Illinois 

Bisaha,  Joseph  G.  (Cell  Biology  and  Genetics). 
B.A.  1986,  Rutgers  University.  Perth  Am- 
boy  New  Jersey 

Blum,  Michele  D.  (Molecular  Biology).  B.A. 
1986,  Lafayette  College.  Philadelphia, 
Pennsylvania 

Bosenberg,  Marcus  (Cell  Biology  and  Genet- 
ics). B.A.  1976,  Cornell  University. 
Princeton,  New  Jersey 

Bradley,  Roger  S.  (Cell  Biology  and  Genetics). 
B.A.  1984,  Carroll  College.  Billings, 
Montana 

2Brayton,  Cory  Flagg  ( Microbiology,  Immunol- 
ogy, and  Pathology).  B.A.  1981,  Williams 
College;  D.VM.  1985,  New  York  State 
College  of  Veterinary  Medicine.  New 
York,  New  York 

Brodsky  Marina  (  Pharmacology ).  First  Degree 
1984,  Kalinin  State  University  (USSR). 
Moscow,  USSR 

Brooks,  David  G.  (Molecular  Biology).  B.A. 
1982,  University  of  Colorado;  M.S.  1984, 
Michigan  State  University.  Pontiac, 
Michigan 

Buck,  Regina  ( Immunology  ).  B.A.  1988, 
Hunter  College.  Rottweil,  Germany 

Buckanovich,  Ronald  J.  B.S.  1990,  Cornell  Uni- 
versity. Buffalo,  New  York 

Burris, Judith  A.  Cupp  (Immunology).  B.S., 
B.A.  1987,  Missouri  Southern  State  Col- 
lege. Joplin,  Missouri 
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Chang,  Shang-Yu  ( Molecular  Biology).  B.S. 

1985,  M.S.  1987,  National  Tsing  Hua  Uni- 
versity. Taipei,  Taiwan,  Republic  of  China 

Chen,  Benjamin  Kuan.  B.A.S.  1990,  Stanford 
University.  New  York,  New  York 

^Chen,  Liu-Er  ( Neuroscience).  B.M.  1984,  An- 
hui  Medical  Unviersity  M.S.  1987,  Shang- 
hai Institute  of  Materia  Medica.  Anhui, 
E  R.  China 

Cheng, Jie (Neuroscience).  B.M.  1988, Shang- 
hai Medical  University.  Shanghai,  H  R. 
China 

Cheng,  Peter  ( Pharmacology ).  B.A.  1986,  Cor- 
nell University.  M.S.  1988,  Tufts  Univer- 
sity. Hsinchu,  Taiwan,  Republic  of  China 

Cho,  Hearn  ( Immunology )  A.B.  1988,  Prince- 
ton University.  Las  Vegas,  Nevada 

Cho,  Jae-Young  (  Neuroscience ).  B.S.  1988, 
Pusan  National  University.  Seoul,  Korea 

Cho,  Sunghee  ( Neuroscience).  B.S.  1979,  Yon- 
sei  University.  Jinhae,  Korea 

Chu,  Tang- Yuan  (Molecular  Biology).  M.D. 

1983,  National  Defense  Medical  Center. 
Taipei,  Taiwan,  Republic  of  China 

Circle,  David  A.  (Biochemistry).  B.S.  1990, 
University  of  Georgia.  Marietta,  Georgia 

Claude,  Alejandro  ( Molecular  Biology).  M.S. 
1987,  Universidad  Catolica  ( Chile ).  San- 
tiago, Chile 

Cong,  Peijie  ( Molecular  Biology).  B.S.  1984, 
The  Fourth  Army  Medical  College;  M.S. 

1987,  Institute  of  Radiation  Medicine. 
Shandong,  P  R.  China 

Corradijohn  R  (Neuroscience).  B.S.  1987,  Co- 
lumbia University.  Flushing,  New  York 

Crombie,  Andrea  Rene  (  Molecular  Biology ). 
B.A.  198 1,  Goucher  College.  San  Diego, 
California 

de  Bruin,  Derik  (Molecular  Biology).  B.S. 

1986,  Eastern  New  Mexico  University. 
Bozeman,  Montana 

DiMartino, Jorge  (Immunology ).  B.A.  1985, 
University  of  California,  Berkeley.  Rosa- 
rio,  Argentina 

Ding,  Xiao-Hong  (Molecular  Biology).  B.S. 

1984,  Shanghai  Medical  University;  M.S. 

1988,  Shanghai  Institute  of  Materia  Med- 
ica, Chinese  Academy  of  Sciences.  Hang- 
zhou,  R  R.  China 

Dovat,  Sinisa  (Molecular  Biology  ).  M.D.  1988, 
University  in  Novi  Sad  Faculty  of  Medi- 
cine (Yugoslavia).  Novi  Sad,  Yugoslavia 


Du,  Shan  (Cell  Biology  and  Genetics).  B.S. 
1984,  M.S.  1987,  Peking  University 
Chengdu,  P  R.  China 

Dyall,  Rubendra  ( Immunology ).  B.Sc.,  M.Sc. 
1988,  School  of  Medicine,  University  of 
Bordeaux  II  (France).  Mauritius 

Edwalds-Gilbert,  Gretchen  E.  (Molecular  Biol- 
ogy ).  B.A.  1982,  Swarthmore  College.  Syr- 
acuse, New  York. 

Einarson,  Margaret  ( Molecular  Biology).  B.S. 
1988,  Bates  College.  New  York,  New  York 

Eisenberg,  Carol  Ann  ( Cell  Biology  and  Ge- 
netics). B.S.,  B.A.  1981,  Cabrini  College; 
M.S.  1983,  Villanova  University.  Haver- 
town,  Pennsylvania 

Elliott,  Robert  (Neuroscience).  A.B.  1983, 
University  of  California,  Berkeley  Los  An- 
geles, California 

Ercikan,  Emine  A.  B.S.  1986,  M.S.  1988,  Uni- 
versity of  Southwestern  Louisiana.  Nico- 
sia, Cyprus 

Ferguson,  David  ( Molecular  Biology).  B.S. 
1988,  University  of  Rochester.  New  York, 
New  York 

Fernandez-Almonacid,  Rafael  ( Molecular  Biol- 
ogy). B.Sc.  1980,  M.Sc.  1985,  Universidad 
Austral  De  Chile.  Valdivia,  Chile 

Firpo,  Meri  T.  (Cell  Biology  and  Genetics). 
B.A.  1984,  Carroll  College.  Stockton, 
California 

Flores-Rozas,  Hernan  ( Molecular  Biology). 
B.A.  1987,  M.S.  1989,  University  of  Con- 
cepcion.  Valparaiso,  Chile 

Ford,  Renee  D.  (Cell  Biology  and  Genetics). 
B.S.  1989,  Simmons  College.  Sanford, 
Maine 

Fuortes,  Michele  (Cell  Biology  and  Genetics). 
M.D.  1979,  University  of  Rome.  Rome, 
Italy 

Gannon,  Maureen  (Cell  Biology  and  Genet- 
ics). B.S.  1985,  Molloy  College;  M.S.  1988, 
Adelphi  University.  Queens,  New  York 

Garepapaghi,  Mohammad  A.  ( Immunology  ). 
B.A.  1987,  Bowdoin  College  of  Maine. 
Meiandoab,  Iran 

Geisberg,  Mark  S.  (Immunology).  B.S.  1985, 
Yale  University.  Leningrad,  USSR 

Ghosh,  Rita  (Molecular  Biology).  B.S.  1977, 
M.S.  1980,  Delhi  University.  Stuttgart, 
Germany 
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Giarre,  Marianna  (Cell  Biology  and  Genetics). 
B.S.  1987,  M.S.  1989,  University  of  Geneva 
(Switzerland).  Araraquara,  Brazil 

Glickstein,  Lisa  J.  (Immunology).  B.S.  1987, 
Cornell  University.  Summit,  New  Jersey 

Griin,  Felix  ( Immunology ).  B.A.  1987,  Girton 
College,  Cambridge  University  (En- 
gland ).  Frankfurt,  Germany 

Gure,  Ali  (Immunology).  M.D.  1988,  Univer- 
sity of  Ankara.  Ankara,  Turkey 

Hagler,  Jeremiah  (Molecular  Biology).  B.A. 
1987,  University  of  California  at  Santa 
Cruz 

Hahn,  Mounou  (Molecular  Biology).  B.S.  1985, 
University  of  Wisconsin,  Seoul,  Korea 

Hahn,  Soonjung  Lucia  (Molecular  Biology ). 
B.S.  1983,  Seoul  National  University;  M.S. 
1985,  University  of  Wisconsin.  Seoul, 
Korea 

Halaby  Issam  (Neuroscience).  B.S.  1987, 
American  University  of  Beirut.  Beirut, 
Lebanon 

Han,  Jihong( Biochemistry).  B.S.  1987,  M.S. 

1989,  Nankai  University.  Anhui  Province, 
P.  R.  China 

Ho,  Chong-Kiong  (Molecular  Biology ).  B.A. 

1990,  Rutgers  University.  Yokohama, 
Japan 

Horn,  Judith  Seuk  Han  (Pharmacology).  B.S. 
1990,  Cornell  University.  New  York,  New 
York 

Hong,  Guangyuan  (Molecular  Biology).  B.S. 
1982,  M.S.  1985,  Peking  University. 
Guangzhou,  R  R.  China 

Hsu,  Katharine  (Cell  Biology  and  Genetics). 
B.S.  1987,  Stanford  University;  M.S.  1987, 
Standord  University.  Sacramento, 
California 

Huang,  Chin-shiou  (  Biochemistry  ).  B.S.  1982, 
Kaohsiung  Medical  College;  M.S.  1984, 
National  Tsing  Hua  University.  Hsinchu, 
Taiwan,  Republic  of  China 

Huang,  Eric Jinsheng  ( Molecular  Biology). 
B.M.  1986,  National  Taiwan  University. 
Taichung,  Taiwan,  Republic  of  China 

Huang,  Hsien-Bin( Biochemistry).  B.S.  1984, 
M.S.  1986,  National  Taiwan  Normal  Uni- 
versity. Kaohsiung,  Republic  of  China 

Huber,  Louise  Julie  (Cell  Biology  and  Genet- 
ics). B.S.  1985,  Boston  University.  Boston, 
Massachusetts 


Huh,  Sungoh  (Neuroscience).  B.S.  1984,  M.S. 
1987,  Seoul  National  University.  Seoul, 
Korea 

Ince,  Tan  (Pharmacology).  M.D.  1988,  Hacet- 
tepe  University  of  Medicine.  Aydin, 
Turkey 

Jen,  Yale  I  E.  (Molecular  Biology).  B.S.  1979, 
National  Taiwan  University;  M.S.  1982, 
Louisiana  State  University.  Taipei,  Taiwan, 
Republic  of  China 

Johnson,  Ellen  L.  (Molecular  Biology).  B.A. 
1983,  Oberlin  College.  Tarpon  Springs, 
Florida 

Kane,  Eileen  M.  (Molecular  Biology).  B.A. 
1985,  Hunter  College.  New  York,  New 
York 

Kim,  Karl  H.  S.  (Neuroscience).  B.S.  1989, 
Michigan  State  University.  Seoul,  Korea 

Kim,  Sung  Sub  ( Molecular  Biology).  B.S.  1986, 
M.S.  1988,  Seoul  National  University 
Seoul,  Korea 

Lander,  Harry  (Biochemistry).  B.S.  1987,  State 
University  of  New  York  at  Stony  Brook. 
New  York,  New  York 

'Lee,  Jin-Moo  (Neuroscience).  B.A.  1985,  Yale 
University.  Seoul,  Korea 

Lee,  Seong-Wook  (Molecular  Biology).  B.S. 
1985,  M.S.  1987,  Seoul  National  Univer- 
sity. Seoul,  Korea 

Le  Gall,  Annick  H.  (Cell  Biology  and  Genet- 
ics). B.S.  1990,  University  of  California, 
Los  Angeles.  Palo  Alto,  California 

Leonard,  Christopher  J.  (Microbiology,  Immu- 
nology, and  Pathology  ).  B.S.  1985,  Cornell 
University.  Princeton,  New  Jersey 

Li,  Dangsheng  (Molecular  Biology).  B.S.  1988, 
University  of  Science  and  Technology  of 
China.  Yan  Chen  City,  R  R.  China 

Li,  Hailong (Molecular  Biology).  B.S.  1987, 
Beijing  University.  Beijing,  R  R.  China 

Li,  Mingxia  (Pharmacology).  B.S.  1982,  Beijing 
Second  Medical  College;  M.S.  1985, 
Chinese  Academy  of  Medical  Sciences. 
Beijing,  R  R.  China 

Liang,  Feng  (Molecular  Biology).  B.S.  1988,  Pe- 
king University,  Jinan,  P  R.  China 

Lim,  Lorena  C.  (  Molecular  Biology ).  B.S.  1979, 
University  of  the  Philippines  at  Los 
Banos.  Manila,  Philippines 
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Liu,  Cheng  (Molecular  Biology).  B.S.  1982,  Pe- 
king University;  M.S.  1985,  Capital  Insti- 
tute of  Medicine.  Tiao  Zhou  City,  P.  R. 
China 

Liu,  Min  (Pharmacology ).  B.S.  1985,  M.S.  1988, 
Zhongshan  University.  Guangzhou,  R  R. 
China 

Liu,  Qing(  Biochemistry).  B.S.  1986,  Nankai 
University.  Tianjin,  R  R.  China 

Liu,  Su  ( Molecular  Biology  ).  M.D.  1982,  Shang 
hai  First  Medical  College.  Hunan,  P  R. 
China 

Luo,  Yan  (Molecular  Biology).  B.S.  1987,  Beij- 
ing Medical  University.  Beijing,  R  R. 
China 

Mahajan,  Rohit  (Cell  Biology  and  Genetics). 
B.A.  1984,  Swarthmore  College.  Addis 
Ahaha,  Eithiopia 

Mahmood,  Umar  ( Physiology  and  Biophysics). 
B.A.  1987,  California  Institute  of  Technol- 
ogy. Lahore,  Pakistan 

Manley  Geoffrey  ( Neuroscience  ).  B.S.  1988, 
University  of  Kentucky.  Lexington, 
Kentucky 

Mao,  Buqing  ( Neuroscience ).  B.E.  1985,  M  M. 
1988,  Shanghai  Medical  University 
Shanghai,  R  R.  China 

Mayer,  Alan  (Molecular  Biology ).  B.S.  1986, 
M.S.  1986,  Emory  University.  Passaic, 
New  Jersey 

McDonald,  William  E  (  Molecular  Biology ). 
B.A.  1985,  University  of  Florida.  Jackson- 
ville, Florida 

2McNerney,  Mary  Ellen  (  Pharmacology ).  B.S. 
1977,  M.S.  1983,  St.  John's  University. 
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